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PREFACE  TO  VOL  II. 


Thx  few  montiis  that  have  elapsed  eiooe  the  preparation 
ud  publication  of  the  let  volume  of  this  edition  of  Mantell's 
"  Wondera  of  G^logy  "  have  been  as  productive  of  geologi- 
cal fiusts  and  theories  as  any  such  former  period,  if  not  more 
80.  Most  of  the  new  discoveries  in  geology,  and  of  the  de- 
termination or  correction  of  fOTmer  hypotheses,  have  been 
described  or  commented  upon  in  various  communications 
pabliahed  by  the  Geological  Society  of  London ;  and  many 
other  points  of  geological  interest  have  been  treated  of 
in  papers  read  before  the  Geological  Soeieties  of  Dublin, 
Paris,  Berlin,  and  Vienna,  or  before  other  Scientific  Socie- 
ties of  Europe  and  America. 

Not  to  dwell  upon  the  much-increased  list  of  tho  plane- 
toids (p.  44),  to  the  known  number  of  which  seven  have 
been  already  added, — or  the  additional  recorded  instances  of 
aerolitic  phenomena,  but  to  refer  to  circumstances  more 
closely  connected  with  physical  geology,  we  may  draw  atten- 
tion to  Sir  C.  Lyell's  lucid  resume  of  facts  relative  to 
the  secular  elevation  of  the  land, — of  an  abstract  of  a  lecture 
on  this  subject  not  long  since  delivered,  by  the  author  of  the 
**  Principles,"  we  have  availed  ourselves  (p.  958).  In  another 
direction,  our  study  of  physical  geology  has  of  late  been 
greatly  aided  by  Mr.  H.  C.  Sorby's  remarkable  researches  in 
the  microflcopieal  structure  of  rocks,  both  sedimentary  and 
hypogene,  and  of  the  component  crystals  of  the  latter  (see 
p.  948).  Mr.  Prestwich's  hypothetical  extension  of  Upper 
Tertiary  deposits  over  a  great  part  of  the  South-east  of  Eng- 
land demands  careful  attention ;  and,  though  not  yet  dearly 
substantiated,  and  indeed  still  forming  a  geological  problem 
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difficult  of  solution,  has  already  been  productiye  of  valuable 
results,  in  setting  geologists  at  work  again  orer  a  country 
once  thought  to  have  been  nearly  exhausted  of  geological 
novelties. 

But  perhaps  the  discovery  of  a  large  granitic  boulder  in 
the  heart  of  the  Chalk  of  Croydon  (p.  972)  has  been  as 
prolific  a  source  of  geologic  argument  and  romance  as  any 
fact  lately  brought  forward.  The  outlines  of  the  old  creta- 
ceous ocean  and  its  archipelagos, — its  shores  and  sea-deeps, 
its  sea-weeds  and  drifted  shells, — the  jungles  of  its  coasts, — 
and  the  possible  icebergs  of  its  northern  limits, — offer  a  wide 
field  both  for  the  strict  physicist  and  the  imaginative  geolo- 
gist. With  this  subject  is  closely  connected  the  probable  ex- 
istence in  the  early  part  of  the  Cretaceous  period  of  a  ridge  of 
rocks,  chiefly  belonging  to  the  coal-measures,  ranging  across 
the  South  British  area,  as  explained  and  illustrated  of  late  by 
Mr.  Godwin- Austen  (see  p.  766,  note).  The  presence  of  this 
old  ridge  in  the  cretaceous  ocean  has  had  two  important 
results.  In  the  first  place  it  gave  rise  to  local  shingly  de- 
posits, interrupting  the  general  succession  of  the  sands  and 
clays  older  than  the  Qault,  and  has  thereby  rendered  it  un- 
likely that  we  shall  be  able  to  obtain  from  beneath  London 
such  a  supply  of  water,  by  means  of  very  deep  Artesian 
wells^  as  has  been  obtained  at  Grenelle  from  the  Lower 
G-reensand ;  and,  secondly,  it  has  probably  borne  up,  as  a 
part  of  its  constituent  mass,  some  coal-beds,  continuous 
with  those  of  Belgium  on  one  hand,  and  of  Somersetshire  on 
the  other ;  thereby  possibly  affording  coal  in  deep  borings, 
in  this  district. 

In  the  study  of  fossils,  so  many  new  and  interesting  facts 
have  been  elucidated,  that  we  can  only  refer  to  a  few :  such 
as  Mr.  Beckles^s  further  discoveries  among  the  Mammalia 
and  Beptilia  of  the  Purbeck  period,  and  his  discovery  of  the 
bones  of  the  entire  foot  of  the  Iguanodon,  which,  being 
three-toed,  may  weU  fit  some  of  the  fossil  foot-marks  de- 
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Miibed  at  p.  383,  as  having  been  found  in  deposits  formed 
among  the  haunts  of  this  great  reptile ; — to  the  descriptions, 
by  Prof.  Huxley  and  Mr.  Kirkby,  of  Crustaceans  of  higher 
nnk  than  Entomostraca  in  the  Permian  and  Carboniferous 
deposits ; — to  the  discovery,  by  the  geologists  of  Ludlow  and 
the  neighbourhood,  of  many  more  fish-remains  in  the  Upper 
Silurian  than  had  hitherto  been  known ; — and  especially  to 
Br.  Falconer's  luminous  exposition  of  the  zoological  and 
geological  relations  of  the  true  species  of  Mastodon  and 
Elephant  (see  p.  963). 

To  the  results  of  Sir  B.  I.  Murchison's  well-sustained  re- 
searches among  palsBozoic  rocks  and  fossils  we  owe  very 
much  indeed  that  is  new  in  our  knowledge  of  the  Permian 
sod  Silurian  formations.  Of  the  latter  especially  we  have  a 
reoentlj  corrected  classification,  which,  elaborated  by  this 
distinguished  geologist,  and  enriched  by  the  labours  of  Ame- 
rican, European,  and  British  palaeontologists,  is,  with  Sir 
Itoderick's  kind  permission,  brought  forward  in  this  little 
work  for  the  use  of  the  student,  even  before  its  appearance 
in  the  forthcoming  Second  Edition  of  Sir  B.  Murchison's 
"Siluria."  Last,  not  least,  we  must  particularly  notice  the 
disentanglement  of  the  ravelled  clue  to  a  clear  knowledge  of 
the  relations  of  the  rocks  of  Sutherlandshire,  where  Mr. 
Peach's  late  discovery  of  an  important  set  of  fossils  in  a 
band  of  altered  limestone  has  enabled  Sir  B.  Murchison  to 
bring  to  their  true  bearings  the  observations  made  in  this 
locality  by  himself  and  others,  and  not  only  to  rectify  errors 
and  to  disperse  the  obscurity  which  covered  the  geological 
history  of  the  North-western  Highlands  of  Scotland,  but  to 
place  enormous  masses  of  the  stratified  rocks  of  this  region 
into  their  right  places  in  the  geological  scale,  and  in  relation 
with  their  equivalent  formations  in  Scandinavia,  Canada, 
Wales,  and  elsewhere. 

T.   EtTPEBT  JOIOES. 

Hehruofy,  1858. 
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LECTURE   V. 

7ABT  I.— ^H£  JUILASSIC  VOBHAnON  :  QOUTE  AKD  LUS. 

I  ZoqIqc7  of  tlM  Cbalk.  2.  Zoology  of  tbe  Wealden.  S.  Site  of  tlie  Coontiy  of  Uie 
l^naoodon.  4.  UthotoghaJ  ■tnaeuue  of  tiw  Gountiy  of  the  Ignanodon.  6.  Lower 
beeowUry  FoniiAtloiM.  6.  Qeoenl  Tiew  of  the  OoUte  and  lias.  7.  The  Oolite  or 
Koe-ttooe.  8.  Geographical  distribution  of  the  OoUte.  9.  Ballway-sectloot.  10.  Sub- 
diviaknm  of  the  OoUte :  Portland  Bock.  11.  Klmmeridge  Clax-  11  Oxfotd  Oolite  or 
Coral-rag.  13  Oxford  Clay.  14.  Kellowaya-rock  and  Combnah.  ]&  Hie  Cotteawold 
lUDa.  W.  THe  Sioiieefleld  aiate.  17.  Organic  Benudna  of  tbe  Btoneafleld  slate.  18. 
KoaaU  Msmmalla  of  Stuneefleld.  19.  Comparison  of  the  Stonesfleld  and  Wealden 
FoaaOa.  &  Lfthographlo  alone  of  Oennanj.  SI.  Coal-bearing  strau  of  the  Oolite. 
SS.  CoUrweston  Slates.  ».  Coal-bearing  Oolite  of  Brora.  M.  Coal-bearing  OoUte  of 
Kaatcn  Virginia.  ».  The  Uaa.  aS.  Organto  h4.malna  of  the  Jormssic  System.  S7. 
Zoophytes  and  Badlaria.  S.  Motluaca.  S9.  Cmataoeana  and  Insects.  80.  Fishes. 
U.  Beptlks  or  the  inraaslc  System, 

1.  Zoology  of  the  Chalk. — The  examination  of  the 
Cretaceooa  and  Wealden  formations  has  afforded  an  in- 
structiTe  exposition  not  only  of  the  nature  of  oceanic  and 
fluTiatile  deposits  in  general,  but  also  of  the  condition  of 
animated  nature  at  the  dose  of  the  geological  cycle  which 
comprises  the  secondary  epochs.  It  will  therefore  be  ex- 
pedient in  this  stage  of  our  inquiry  to  consider  the  general 
features  of  the  animal  kingdom  during  the  periods  embraced 
in  this  reTiew. 

2  I 
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In  the  ocean- Ded  of  the  cretaceous  period,  we  find  vestiges 
of  all  the  principal  groups  of  existing  marine  organisms  ; 
comprising  many  genera  of  the  Shark-family — tiz.  species  of 
Gestracion,  Lamna,  Coraz,  &c. ;  with  fishes  related  to  the 
Ghimffira,  Salmon^  Mackerel,  Basse,  &c. ; — in  fact,  the  lead- 
ing types  of  the  majority  of  the  fishes  that  inhabit  the  pre- 
sent seas.*  The  Cephalopoda  (Cuttle-fishes)  and  Echino- 
dermata  (Sea-urchins,  Star-fishes,  and  Encrinites)  were 
profusely  developed ;  crustaceans  allied  to  the  Hermit-crab, 
Lobster,  Water-flea,  &c. ;  univalve  and  bivalve  mollusca ; 
and  innumerable  multitudes  of  Sponges,  Bryozoa,  and  Fora- 
minifera ; — ^all  these  forms  of  animal  existence  have  left  en- 
during memorials  of  their  presence  in  the  seas  of  those  re- 
mote ages.  And,  although  we  have  likewise  proof  that 
numerous  extinct  genera^  together  with  others  now  of  ex- 
cessive rarity,  swarmed  in  prodigious  numbers  in  the  creta- 
ceous ocean,  and  negative  evidence  that  the  Cetacea  (see 
above,  p.  325),  as  the  Whale,  Porpoise,  Seal,  &c.,  were  not 
among  its  inhabitants,  yet  the  diversified  types  of  animated 
beings  whose  relics  are  entombed  in  these  strata  show  that 
the  waters  of  the  deep  possessed  the  same  general  conditions, 
and  maintained  the  same  relations  with  the  atmosphere  and 
with  light,  as  at  the  present  time. 

The  most  remarkable  peculiarity  in  the  zoological  features 
of  the  Chalk  relates  to  the  abundance  of  marine  Beptiles ; 
for,  with  the  single  exception  of  a  lizard  belonging  to  the 
family  of  the  Iguanida^  which  inhabits  certain  parts  of  the 
sea-coasts  of  South  America^t  the  Chelonians  or  Turtles  are 
the  only  known  existing  marine  animals  of  this  class.  But 
the  cretaceous  sea  was  tenanted  by  several  Saurians  of  con- 

*  See  the  chronological  table  in  M.  Agassiz's  Recherches  sur  lea  Poia  - 
Bona  Foasilea,  tome  i. ;  and  Morris,  Catal.  Brit.  Fosa.  p.  316,  &c. 

t  The  Amblyrkynchua  erutaiut  of  the  Galapagoa  Islands :  aee  Mr. 
Darwin'a  Journal,  in  the  Colonial  Library,  p.  385 ;  and  Lyell's  Manual, 
p.  326. 


|L  ZOOLOGY  OP  THE  WEALDEN.  483. 

sidenble  magnitude, — namely,  the  MoQasaurus  (p.  319), 
Poljpt^chodon  (p.  367),  Ichthyosaurus,  Pleslosaums ;  and 
bj  otiiers  of  smaller  size,  such  as  small  Turtles  and  the  eel- 
like Dohchosaurus. 

Of  the  tarrestrial  fauna  and  flora,  the  evidence  to  be  de- 
nred  from  deep-sea  deposits  must  of  course  be  scanty.  We 
hare,  however,  proof  that  the  then  dry  land  bore  forests  of 
pines;  that  ferns  and  plants  of  the  cycadeous  tribes  formed 
the  prevailing  vegetation ;  and  that  the  country  was  in- 
habited by  Iguanodons,  Pterodactyles,  and  other  reptiles. 

2,  Z001.OGT  ov  THE  Wealdbk. — From  data  of  a  like 
nature,  we  leam  that  during  the  deposition  of  the  Wealden 
there  was  an  extensive  region  traversed  by  streams  and 
livers  swarming  with  fishes,  crustaceans,  and  moUusca,  of 
eitinct  species,  but  belonging  to  the  same  principal  types 
as  those  which  inhabit  the  fresh  waters  of  warm  climates 
under  similar  conditions :  and  that  then,  as  now,  marsh- 
tortoiBes  and  crocodilian  reptiles  tenanted  the  swamps  and 
lagoons. 

Of  the  inhabitants  of  the  land,  we  have  more  ample  in- 
formation from  the  relics  ingulfed  in  the  deltas  and  lacus- 
trine sediments,  than  could  be  afforded  by  deposits  accumu- 
lated in  the  depths  of  the  ocean,  and  far  from  the  regions 
^ence  they  were  derived. 

Colossal  herbivorous  and  carnivorous  lizards,  differing 
enentially  in  their  organization  from  all  existing  reptiles, 
and  of  which  no  vestiges  have  been  discovered  in  any  strata 
newer  than  the  Chalk,  were  the  principal  terrestrial  verte- 
brata  of  the  Wealden  epoch.  These,  together  with  some 
small  mammals,  a  few  flying  reptiles,  and  lizards  of  small 
size,  and  probably  some  wading  birds,  appear  ip  have  con- 
stituted the  entire  vertebrate  fauna  of  the  regions  which 
furnished  the  materials  of  t^iis  formation.  The  flora  con- 
oated  chiefly  of  ferns,  coniferous  trees,  cycadeous  plants, 
cypresses,  and  a  few  unknown,  but  apparently  related  forms. 
2i  2 
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In  fact,  the  islands  and  continents  of  the  late  Oolitic  and  early 
Cretaceous  epochs,  during  which  time  the  Wealden  deposits 
were  being  formed,  appear  to  haye  possessed  manj  similar 
zoological  and  botanical  characters.  Here  then  we  have  the 
first  glimpse  of  extensive  regions  almost  exclusivelj  inhabit* 
ed  by  enormous  reptiles :  for,  though  the  leaves  and  fruits 
of  delicate  plants,  the  fingile  bones  of  birds  and  flying  rep- 
tiles, the  wings  of  insects,  and  the  brittle  shells  of  molluscs 
with  their  ligaments  and  epidermis  remaining,  are  abund- 
antly found  imbedded  in  the  sediments  of  the  rivers  and 
seas,  but  few  traces  of  mammiferous  animals,  and  those  of 
small  size,*  have  been  discovered  in  the  Wealden  deposits. 
We  have  now  approached  the  Age  of  Beptilet ; — ^that  geo- 
logical epoch,  in  which  the  earth  swarmed  with  enormous 
oviparous  quadrupeds,  and  the  air  and  the  waters  alike 
teemed  with  reptilian  forms. 

3.  Site  op  the  couktbt  op  the  Igitakodok. — Before 
we  pass  to  the  investigation  of  the  older  secondary  form- 
ations, I  would  briefly  reconsider  the  question  as  to  the 
geographical  position  of  the  principal  tracts  of  country  dur- 
ing the  deposition  of  the  Wealden  and  Cretaceous  strata ; 
— whether  England  was  then  dry  land,  and  enjoyed  a  tropi- 
cal climate ;  and  whether  turtles,  crocodiles,  and  gigantic 
lizards  here  flourished  amid  groves  of  tree-ferns,  and  other 
productions  of  intertropical  climes;  or,  on  the  contrary, 
whether  the  country  of  the  Iguanodon  was  situated  far  dis- 
tant from  the  area  now  covered  by  its  spoils  ? 

The  unequivocal  marks  of  transport  which,  as  we  have 
seen,  the  fossils  of  the  Wealden  so  generally  exhibit,  seem 
to  demonstrate  that  the  reptiles  and  terrestrial  plants  could 
not  have  lived  and  died  in  the  regions  where  their  relics  are 
imbedded :  for,  with  the  exception  of  the  beds  of  river-shells 
and  minute  crustaceans,  and  the  plants  which  indicate  a 

*  The  Spalacothere  and  Plagiaulax,  and  their  allies,  in  the  Purbcck 
serief. 
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laeortrine  condition,  the  organic  remains  frequently  bear  in« 
disputable  marks  of  baying  been  transported  from  some 
remote  country,  by  a  river  or  powerful  flood  of  fresh-water.* 

The  specimen  of  the  HyLeosaurus  (ante,  p.  449)  throws 
light  on  tiiis  question.  Many  of  the  vertebne  and  ribs  are 
broken  and  splintered,  but  the  fragments  remain  near  each 
olher :  and,  though  the  bones  are  more  or  less  displaced,  yet 
they  lie  in  situations  bearing  some  relation  to  their  natural 
positions.  These  facts  demonstrate  that  the  carcass  of  the 
aoimal  must  haye  been  contused  and  mutilated,  and  that  the 
dislocated  and  broken  parts  were  held  together  by  the  mus- 
des  and  integuments.  In  this  state  the  headless  trunk  must 
haye  floated  down  the  river,  and  at  length  have  sunk  into 
the  mud  oi  the  delta,  where  is  formed  a  nucleus,  around 
which  the  stems  and  foliage  of  ferns  and  cycadeous  plants 
accumulated,  and  river-sheUs  became  intermingled  in  the 
general  mass.  Here  then  we  have  evidence  of  the  body  of  a 
terreetrial  reptile  having  been  transported  from  a  consider- 
able  distance  by  a  stream  or  current  of  fresh  water ;  for 
not  the  slightest  indication  of  marine  detritus  can  be  traced 
in  the  deposits  in  which  it  was  imbedded.  The  country 
where  this  animal  lived  and  died  may  therefore  have  been 
situated  fiir  from  the  spot  where  its  fossil  remains  were  en- 
tombed. 

An  eminent  geologist  t  has  the  following  remarks  on  this 
subject : — 

"  If  it  be  aaked  where  the  continent  was  placed  from  the  ruins  of 
whicJi  the  Wealden  strata  were  derived,  and  by  the  drainage  of  which  a 
great  river  was  fed,  we  are  half  tempted  to  speculate  on  the  former  ex- 
tatieiice  of  the  Atlantis  of  Plato.  The  story  of  the  submergence  of  an 
aBcienl  contiiient,  however  fabulous  in  history,  may  be  true  as  a  geolo- 
gical event.    Its  disappearance  may  have  been  gradual ;  and  we  need 

*  The  upright  trees  of  the  Isle  of  Portland  present  an  exception ;  but 
Chia  forest  may  have  grown  on  an  island  very  remote  from  the  mainland* 
inhabited  by  colossal  reptiles. 

t  Ly^ ;  Elements  of  Geology,  Second  Edition,  vol.  i.  p.  432. 
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Bot  suppose  tliat  the  rate  of  snbtidence  waa  hastened  at  the  period  when 
the  displacement  of  a  great  body  of  fresh  water  by  the  Cretaceous  sea 
took  place.  Suppose  the  mean  height  of  land  drained  by  the  river  of 
the  Wealden  estuary  to  have  been  no  more  than  800  or  1000  feet ;  in 
that  case,  all  except  the  tops  of  the  mountains  would  be  covered  as  soon 
as  the  fundamental  Oolite  and  the  dirt-bed  were  sunk  down  about  lOOO 
feet  below  the  level  which  they  occupied  when  the  forest  of  Portland 
was  growing.  Towards]  the  close  of  the  period  of  this  subsidence,  both 
the  sea  would  encroach  and  the  river  diminish  in  volume  more  rapidly  ; 
yet  in  such  a  manner,  that  we  may  easily  conceive  the  sediment  at  first 
washed  into  the  advancing  sea  to  have  resembled  that  previously  depo- 
sited by  the  river  in  the  estuary.  In  fact,  the  upper  beds  of  the  Wealden, 
and  the  inferior  strata  of  the  Lower  Greensand,  are  not  only  conform- 
able,* but  of  similar  mineral  composition. 

(  "It  is  also  a  remarkable  fact,  that  the  same  IgUanodan  ManieUi 
which  is  so  coilbpicuous  a  fossil  in  the  Wealden  has  been  discovered  near 
Maidstone,  in  the  overlying  Kentish-rag,  or  marine  limestone  of  the 
Lower  Greensand.  Hence  we  may  infer,  that  some  of  the  Sauriana 
which  inhabited  the  country  of  the  great  river  continued  to  live  when 
part  of  the  country  had  become  submerged  beneath  the  sea.  ThuB  in 
our  own  times,  we  may  suppose  the  bones  of  alligators  to  be  frequently 
entombed  in  recent  fresh-water  strata  in  the  delta  of  the  Ganges ;  but,  if 
part  of  that  delta  should  sink  down  so  as  to  be  covered  by  the  sea,  marine 
formations  might  begin  to  accumulate  in  the  same  space  where  fresh- 
water beds  had  previously  been  formed ;  and  yet  the  Ganges  might  still 
pour  down  its  turbid  waters  in  the  same  direction,  and  transport  the  car- 
casses *  of  the  same  species  of  alligator  to  the  sea ;  in  which  case  their  bones 
might  be  included  in  marine  as  well  as  in  subjacent  fresh-water  strata." 

4.   LiTHOLOGICAL  BTBtTOTUBE  OT  THE  iGtrANOBOK  COTJK- 

TBY. — The  nature  of  the  rocks  and  strata  of  which  the 
country  of  the  Iguanodon  f  was  composed  is  also  a  subject 
of  considerable  interest ;  and  from  the  first  moment  that 
the  fluriatile  origin  of  the  Wealden  suggested  itself  to  my 
mind,  to  the  time  when  I  was  compelled  by  ill  health  to  quit 
the  field  of  my  early  researches,  I  lost  no  opportunity  of 
obtaining  data  by  which  the  problem  might  be  solved,  and 
carefully  examined  the  pebbles  and  boulders,  and  the  fine 

*  The  Rev.  C.  Fisher  points  out  the  exceptional  unconformability  of 
these  deposits  in  Dorsetshire.    Trans.  Camb.  Phi).  Soc.  vol.  ix.  p.  556, 
t  See  also  Petrifactions  and  their  Teachings,  chap.  3. 
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detritus  as  well  as  the  coaner  materials  of  which  the 
Weaiden  beds  are  composed. 

Mj  lamented  Mend,  the  late  Mr.  Bakewell,  kindly  afford- 
ed me  his  valuable  aid  in  determining  the  nature  of  the 
locks  whence  the  debris  was  derived;  but  the  materials 
were  too  scanty  to  throw  any  satisfactory  light  upon  the 
inquiry.  In  the  **  Fossils  of  Tilgate  Forest, "  a  bed  of 
conglomerate,  near  Cuckfield,  is  described  as  containing 
pebbles  of  white,  yellow,  pink,  and  mottled  quartz,  jasper, 
flinty-slate,  and  indurated  sandstone :  and  from  this  deposit 
I  expected  to  obtain  more  satisfactory  information  than 
fiom  the  fine  detritus  of  which  the  sands,  sandstones,  and 
days  consist.  But  with  the  exception  of  small  pebbles  of 
rock-crystal,*  the  substances  above  mentioned  comprise  all 
the  transported  minerals  that  have  come  under  my  observa- 
tion. The  abundance  of  micaceous  particles  in  many  of  the 
sands  and  sandstones,  and  the  prevalence  of  argillaceous  and 
arenaceous  deposits,  seem  to  indicate  a  region  in  which  were 
primary  rocks,  with  sandstones  and  clay;  for  the  quartz- 
pebbles  and  the  micaceous  sands  and  clays  may  have  been 
derived  from  decomposed  granitic  and  felspathic  rocks.  Ex- 
traneous fossils  are  rare  both  in  the  Weaiden  and  the 
Chalk.t  Debris  of  oolitic  fossils,  however,  occur  in  some 
beds  of  the  Lower  Gieensand  in  Surrey. 

Hie  observations  of  Dr.  Buckland  on  this  problem  entire- 
ly accord  with  the  result  of  my  own  investigations. 

**  The  genend  absence  of  pebbles  shows  that  the  lands  were  distant 

*  Small  rock-crystals  sre  often  found  in  the  sandstone  near  Tunbridge 
Wells,  and  are  cut  and  set  in  rings  and  brooches  by  the  lapidaries  of 
that  town. 

f  A  rolled  fragment  of  coniferous  wood,  which,  from  its  state  of  mi- 
neralisation, there  is  reason  to  conclude  is  from  the  Oolite,  was  found 
by  Henry  Carr,  Esq.,  in  a  block  of  white  chalk  from  a  railway-cutting 
near  Epsom.  See  Geology  of  the  Isle  of  Wight,  p.  140.  Dr.  Fitton 
mentions  having  found  a  rolled  ammonite  in  the  Weaiden. 
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from  whence  the  fine  fMutidet  of  eand  and  clay  were  titasported 

We  should  be  inclined  to  look  for  these  lands  either  in  Devonshire  or 
Cornwall,  on  the  west ;  or  in  the  nearest  primary  and  transition  mountains 
of  the  Continent,  Tiz.  in  Normandy  and  Brittany,  on  the  south-west;  or 
in  the  forest  of  Ardennes,  on  the  south-east.  It  is  not  probable  that 
the  materials  of  the  Wealden  formation  }ja,re  been  derived  in  any  great 
degree  from  the  detritus  of  the  Oolitic  series,  because  in  such  case  we 
should  have  found  among  them  an  admixture  of  pebbles  of  Oolite,  none 
of  whichhare  yet  been  noticed."* 

Of  tbe  seaward  extension  of  the  delta  of  the  Ignanodon 
river,  no  certain  indications  have  yet  been  obtained :  t  but 
it  is  eTident  that  there  must  hare  been  intercalations  of  the 
detritus  and  organic  remains  of  the  land  and  fresh-water 
with  those  of  the  sea  into  which  the  mighty  stream  dis- 
charged its  waters ;  and  there  can  be  no  doubt  that  sooner 
or  later  such  fluvio-marine  Wealden  strata  as  thoe(ie  at  Pun- 
field  and  at  Beauvais,  when  studied  more  extensively, 
will  be  found  to  throw  much  light  on  the  history  of  the 
Wealden. 

5.  LowEB  Sbcokbabt  Pobmatiovs.  —  In  accordance 
with  the  chronological  arrangement  (p.  202),  I  proceed  to 
the  consideration  of  the  antecedmit,  or  lower,  group  of 
the  secondary  formations,  namely  the  OoliU;l  Lutfy  and 
^Hm.  As  a  whole,  the  series  consists  of  alternations  of 
days,  marls,  limestones,  sabds,  and  sandstones,  abounding 
in  marine  exuvisD,  and  which  have  evidently  been  deposited 
in  the  basin  of  a  sea  or  seas.  With  these  strata  are  inter- 
calated in  some  locslities  beds  of  fluvio-marine  detritus,  in 

*  Geol.  Trans.  2nd  series,  vol.  iii.  p.  430. 

f  Mr.  Godwin  Austen's  Map,  PI.  I.,  toI.  zii.  Geol.  Soc.  Joum^  and 
hio  obsenrations,  op,  eU.  p.  66,  should  be  consulted  on  this  subject. 

I  The  Oolitic  and  Liassic  rocks  may  be  conTeniently  considered  un- 
der the  single  term  '*  Oolitic,*'  or,  still  better  "  Jurassics."  As  the 
Jura  mountain -range  comprises  the  whole  series  of  these  rocks,  the  con- 
tinental geologbts,  dividing  them  into  groups,  know  them  as  the 
"White  (or  Upper)  Jura,"  "Brown  (or  Middle)  Jura,"  and  "  Black 
(or  Low«)  Jura,*'  and  coUectirely  as  the  '*  Jurasoic  formation.'* 


I  e.  GENBRAL  VIEW  OF  THE  OOLITE  AND  LIAS.  489 

whkii  TestigeB  of  terrestrial  animals  and  plants  are  im- 
bedded. 

(I  shall  also  comprise  in  this  Lecture  a  notice  of  the  Ter- 
MOM  formation,  although  belonging  to  the  palseozoic  system, 
because  the  mineral  and  some  of  the  organic  characters  are 
eoDTenientlj  described  when  treating  of  the  Trias,  and  that 
tiie  Carboniferous  system  may  be  considered  in  a  separate 
diacourse.) 

The  foesil  remains  of  the  inhabitants  of  the  Jurassic  sea 
eomprise  a  prodigious  number  of  foraminifera,  zoophytes, 
edunodermata,  moUnsca,  Crustacea,  fishes,  and  reptiles,  nearly 
an  of  extanct  forms.  The  fossil  marine  plants  of  this  series 
belong  to  several  species  of  algao ;  and  those  of  the  land  con- 
sist of  such  as  were  transported  into  the  ocean  by  rivers  and 
currents,  namely,  trunks  and  branches  of  coniferous  trees, 
eycadieouB  plants,  ferns,  Ac. ;  sometimes  occurring  in  the  state 
of  lignite  and  ooaL  The  relics  of  the  land  animals  are  prin- 
cipaQy  of  insects^  with  bones  and  teeth  of  numerous  reptiles ; 
and  of  three  genera  of  small  terrestrial  fnammalia:  Evidence 
la  thus  afforded  of  the  existence  of  countries  clothed  with  a 
luxuriant  vegetation,  and  inhabited  by  numerous  reptiles 
and  a  few  warm-blooded  quadrupeds. 

6.  Gbke&al  view  of  the  Oolite  jlSj>  Lias,  ob  the 
JvBABBic  EOBMATiOK. — ^This  formation  may  be  described  as 
eonsisting  of  three  principal  argillaceous  and  of  an  equal 
number  of  calcareous  deposits ;  namely,  Upper  or  Portland 
Oolite,  and  the  Kimmeridge  Clay;  Middle  or  Coralline 
Oolite^  and  Oxford  Clay ;  and  Lower  Oolites,  and  the  Lias- 
sic  Clays.  The  leading  subdivisions  of  these  strata,  as  they 
occur  in  England,  and  the  names  by  which  they  are  gene- 
rally distinguished,  are  expressed  in  the  following  table. 
The  Lias  is  included;  for,  though,  in  conforniity  with  the 
usual  geological  classifications,  this  group  of  strata  is  placed 
as  a  separate  formation  in  the  synopsis  (p.  202),  we  shall 
find  it  convenient,  and,  I  believe,  more  in  accordance  with 


490 


THB  WONOBB8  OF  GEOLOGY. 


Lbct.V. 


Uppbr  Oolitb 

of  the  l8le  of 

Portland,  Wilts, 

Bucks,  Berks, 
Oxfordshire,  &c. 


MiDDLB  Oolitb. 

WilU,Ozfordshire, 

Yorkshire. 


the  origin  and  nature  of  the  deposits,  to  comprise  it  in  a 
general  survey  of  the  Oolitic  or  Jurassic  series.* 

THB  OOLITIC  OB  JTBASSIO   GBOtTP. 

OOLITB. 

1.  Portland  Sione,  and  Portland  Samf ;— lime- 
stone,  usually  white,  with  layers  of  cherty 
flint;  green  and  ferruginous  sands:  Ammo* 
nites,  Terebrm,  Triffonia,  with  other  marine 
exuviae ;  some  bones  of  reptiles,  and  drifted 
wood. 

2.  KitnmoHdge  Clay,'— -hlne  clay,  with  septaria; 
bands  of  sandy  concretion,  and  bituminous 
shale;  marine  reptiles,  fishes,  shells,  coral^ 
and  other  organic  remains. 

1.  Cakareoui  Orit  and  Coral-raff  ; — sandy  lime- 
stone,  shell-limestone,  and  limestone  composed 
of  corals,  with  shells  and  echini. 

2.  Ok  ford  Cfoy;— blue  clay,  with  septaria;  a- 
bounding  in  fossils :  a  ferruginous  sandy  lime- 
stone, called  Kdllowayt-roek,  full  of  shells,  is 
subordinate  to  this  clay. 

1.  Combrath  ; — coarse  shelly  limestone,  with  clay. 

2.  Forut  Marble,  and  Bradford  Cfoy; —fissile 
arenaceous  limestone,  coarse  shelly  oolite* 
sand,  grit,  and  clays. 

3.  Oreat  OoNte ; — Oolitic  limestone  and  calcareous 
XiOWBB  Oolitb.  freestone ;  sometimes  rich  in  shells.  Stonei" 
Wilts,  Somerset,  Jteldttate; — fissile  oolitic  limestone,  contain- 
Oloucestershire,              ing  remains  .of  conifers,  cycadeae,  ferns,  and 

Oxfordshire,  algae,  marine  shells  and  fishes ;  insects,  reptilest 

and  Northamp-  and  mammalia, 

tonshire.  4.  Futter^t  Earth  /—marls  and  clays,  with  fuller's 

earth,  and  sandy  limestones  with  shells. 
5.  Cheltenham  or  Inferior  Oolite  ;  —coarse  lime- 
stone, with  masses  of  trigoniae,  gryphaeae,  and 
terebratulas ;  freestone  and  pea-grit; — ferru- 
ginous sand,  with  concretionary  blocks  of  sandy 
limestone. 

*  In  the  Map,  PI.  I.  toI.  i.,  the  Oolite  and  Lias  are  denoted  by  the 
same  colour  and  number  (4). 
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LtOWKB.  OOUTB 

of  the 
Yorkshire  coast. 


LOWBR  OOLITB 

of 
Bron  in  Soot- 


i: 


C    3, 


1.  Combraah;  a  thin  bed  of  rnbbly  limestone ; 
which  in  many  parts  is  a  mere  aggregation  of 
shells  and  other  fossils. 

2.  Sandstones  and  days^  with  land-plants ;  ihm 
coal  and  shale  ;  calcareous  sandstone  and  shelly 
limestone  {Great  Oolite), 

3.  Sandstone,  often  carbonaceous  with  clays,  full 
of  leaves  of  terrestrial  plants ;  beds  of  coal  and 
ironstone. 

4.  Limestone,  ferruginous  and  concretionary 
sands. 

Shelfy  limestones  ; — alternations  of  sandstones, 
shales,  and  ironstone ;  with  plants. 
Ferrugi^unis  limestone,  with  carbonized  wood* 
leaTes,  shells,  and  cyprid». 
Sandstone  and  shale,  with  two  beds  of  eoal. 


LIAS. 

"  1.  Upper  Lias  shtUes  and  limestone  {AUtm-shale 
of  Yorkshire),  replete  with  remains  of  fishes ; 
reptiles,  especially  Ichthyosauri  and  Plesio- 
sauri ;  Crinoidea  in  profusion ;  Crustacea ;  be*- 
lemnites,  ammonites,  &c. ;  jet  at  Whitby. 

2.  IforbtofM— calcareous,  sandy,  and  ferruginous 
strata,  rich  in  belemnites,  ammonites,  pectens, 
and  other  fossil  shells ;  wood,  ferns,  and  cyca- 
deous  plants. 

3.  Lower  Lias  shales  and  ^tmMtonM—abounding 
in  shells,  Plagiostoma  giganUum^  Gryphaa  m- 

&c. 


Lias 
of 
Dorsetshire, 
Somersetshire, 
Gk>iicestershire, 
Northampton- 
shire, 
and  Yorkshire. 


This  list,  extensire  as  it  appears,  exhibits  onlj  the  princi- 
pal  deposits  comprised  in  the  Oolitic  system.  The  difference 
observable  between  the  lower  beds  of  the  Oolites  of  the 
South-western  counties  and  those  of  Yorkshire  and  Scotland, 
m  the  presence  of  accumulations  of  vegetable  matter  in  the 
state  of  coal,  with  the  remains  of  terrestrial  plants, — and 
the  occurrence  of  the  relics  of  ZamisB,  Insects,  Beptiles,  and 
Mammalia^  in  the  Stonesfield  slate,  are  of  great  interest,  for 
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thej  attest  the  existence  of  land,  and-the  action  of  rivers 
and  currents.  Our  previous  observations  on  the  nature  of 
oceanic  deposits  (vol.  i.  p.  57)  will  have  prepared  the  intelli- 
gent reader  for  such  intercalations  of  terrestrial  detritus 
with  remains  of  land-animab  in  the  deposits  of  the  ancient 


7.  Oolite  ob  Bos-STomfi. — ^The  limestones  of  this  form- 
ation have  very  generally  a  peculiar  structure,  being  com- 
posed of  an  aggregation  of  small  rounded  grains  or  spherules, 
presenting  some  resemblance  to  clusters  of  small  eggs,  or 
the  roes  of  fishes ;  whence  the  name  Oolite,  or  Boe-Hone^ 
which  is  now  applied,  not  only  to  limestones  possessing  this 
character,  but  also  to  the  entire  series  of  deposits  which  in* 
tervene  between  the  Chalk  and  Wealden  above  and  the  Lias 
below.  On  the  Continent  the  group  is  generally  termed 
<< Terraini  Junueiques"  from  the  Jura  Mountains  that  di- 
vide France  from  Switzerland  being  largely  composed  of 
these  deposits. 

The  oolitic  structure  is  not  however  confined  to  this  divi- 
sion of  the  secondary  rocks ;  for  it  occurs  in  recent,  in  ter- 
tiary, and  also  in  some  of  the  most  ancient  sedimentary 
strata.  It  consists  of  an  aggregation  of  grains  or  globules 
of  calcareous  matter,  composed  of  concentric  laminie  which 
commonly  have  a  particle  of  sand,  a  minute  shell,  or  a  frag- 
ment of  shell  or  other  organic  substance,  as  a  nucleus. 
These  globules  owe  their  formation  toJ;he  deposition  of  suc- 
cessive spheroidal  concretions  around  the  included  body 
while  subjected  to  the  action  of  water  in  which  a  rotatory 
motion  is  induced ;  and  the  spheroids  continue  to  increase 
until  they  become  too  heavy  for  further  transport,  and  then 
subside,  and  are  consolidated  by  subsequent  infiltration. 
When  the  individual  spheres  are  of  a  large  size,  the  aggre- 
gated mass  is  called  pisolite  or  peastone.  The  springs  near 
Carlsbad  deposit  a  beautiful  conglomerate  of  this  kind, 
some  masses  of  which  are  sufiSciently  compact  to  admit  of 
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lemg  maQu&ctured  into  boxes  and  other  ornaments.  Polish- 
ed fitices  exhibit  every  variety  of  sections  of  the  concentric 
hy^B  of  which  the  concretions  are  composed ;  and,  as  the 
coloar  varies  finom  a  pure  white  to  a  delicate  brown,  the  sur- 
&oe  is  elegantly  marked  with  zones  of  various  tints. 

8.    GsOG&kPHICAL  DISTBIBUTION  OF  THE  OOLITE. — The 

strata  above  enumerated  form  a  stnldng  feature  in  the  phy* 
sieal  geography  of  England,  from  the  southern  shore  of 
Doraetshire  to  the  YorkshJbre  coast.  They  constitute  a 
table-land  of  considerable  elevation,  the  greatest  heights 
imoontiiig  to  1500  feet,  which  extends  in  a  tortuous  line 
from  the  Dorsetshire  coast,  through  Somersetshire,  Wilt« 
shire,  Gloucestershire,  Oxfordshire,  Northamptonshire,  and 
Lincolnshire,  to  the  eastern  shores  of  Yorkshire.  This  tract 
generally  presents  a  bold  escarpment  to  the  west,  and  slopes 
gradually  to  the  east,  dividing  the  eastern  and  western  drain* 
age  of  that  part  of  England.* 

Certain  subdivisions  of  the  Oolite  predominate  in  parti* 
cohir  localities  ;  thus,  the  Oxford  Clay  prevails  in  the  mid- 
land counties,— the  grey  rubbly  limestone,  called  Combrash, 
at  Malmsbury,  Chippenham,  Ac., — ^the  Forest  Marble,  in  Ox- 
fordshire and  Somersetshire, — the  Great  Oolite,  at  Bath,— 
the  Stonesfield  Slate,  or  rather  Tilestone,  near  Woodstock, — 
•ad  the  Inferior  Oolite,  in  the  Cotteswold  hills. 

The  Lias  forms  a  district  that  lies  parallel  with  the 
escarpment  of  the  Oolite,  from  beneath  the  base  of  which  it 
emerges ;  it  traverses  the  country  from  the  well-known  cliffs 
at  Lyme  Begis  in  Dorsetshire  to  near  Bedcar,  on  the  York- 
shire coast.f 

On  the  Continent  the  Oolite  appears  in  Normandy,  and 
its  characteristic  fossils  prevail  in  the  quarries  around  Caen ; 
diveiging  into  several  branches  or  ranges  of  hills,  it  tra- 

*  See  Geology  of  Torkshire,  by  Professor  Phillips, 
t  The  Western  boundary  of  the  Oolites  is  shown  on  Mr.  Godwin 
Austen's  map,  Geol.  Joum.  vol.  zii.  pi.  1. 
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verses  Eranoe,  forms  the  chief  feature  of  the  Jura  Moun* 
tains,  and  constitutes  part  of  the  Alps ;  and  in  the  latter, 
strata  belonging  to  this  system  appear  greatlj  altered  in 
their  mineralogical  composition  from  the  effect  of  metamor- 
phic  action.  The  Jurassic  series  of  Germany,*  contains  the 
lithographic  stones  of  Pappenheim,  Solenhofen,  and  Mann- 
heim, some  beds  of  which  are  celebrated  for  the  beauty  and 
variety  of  their  fossil  remains. 

Jurassic  rocks  occur  in  Spain,  Algeria,  Sicily,  Italy,  Croa* 
tia,  and  the  Carpathians ;  also  in  Eussia,  the  Crimea,  the 
Caucasus,  Persia,  and  Syria.  Jurassic  fossils  have  been 
collected  in  Cutch,t  in  the  Himalay  as,^  in  Central  India,§ 
in  South  Afirica,||  and  to  a  small  extent  in  North  America.^ 
The  eastern  coal-fields  of  Virginia  are  referred  by  some  geo* 
logists  to  the  Jurassic  period.  Oolitic  fossils  are  abo  stated 
to  have  been  discovered  in  South  America. 

9.  Eailwat-bsotions. — ^In  a  previous  Lecture  (vol.  i.  p- 
873)  we  described  the  sections  presented  by  the  South-East- 
em  railway  as  affording  a  coup-d'oeil  of  the  geological  struc- 
ture of  that  part  of  England :  in  like  manner  the  lines  that 
traverse  our  island  in  other  directions  enable  the  instructed 
observer  to  obtain  a  general  idea  of  the  geographicaJi  distri- 
bution and  position  of  the  principal  groups  of  the  rocks  and 
strata. 

More  than  a  quarter  of  a  century  since,  the  information 
to  be  derived  from  such  a  survey  was  admirably  pointed  out 
by  Conybeare.**  "If,"  observes  that  eminent  geologist, 
"  we  suppose  an  intelligent  traveller  taking  his  departure 

*  For  a  comparatiTe  riew  of  the  Continental  and  the  English  Oolites, 
see  Fraas,  Quart  Geol.  Soc.  Joum.  vol.  rii.  part  2,  p.  42;  and  Oppcl, 
Wirtemberg  Nat.  Hist  Soc  Journal,  18.^7. 

t  Geol.  Trans.  2  ser.  vol.  ▼.  p.  297.  J  Geol.  Soc.  Joum.  toI. 

Til  p.  306.  §  Ibid,  vol.  z.  p.  372,  and  xi.  p.  376. 

B  Geol.  Trans.  2  ser.  vol.  tU.  p.  193.  f  By  M.  Jules  Marcou. 

**  Geology  of  England  and  Wales,  p.  iL 
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torn  the  metropolis,  to  make  from  that  point  sereral  suc- 
ceflsire  journeys  to  yarious  parts  of  this  island,  for  instance, 
to  South  Wales  or  to  North  Wales,  or  to  Comberland  or 
to  Northumberhmd,  he  cannot  fail  to  notice  (if  he  pays  any 
attention  to  the  physical  geography  of  the  country  through 
iHuch  he  passes)  that,  before  he  arriyes  at  the  cQstricts  in 
which  coal  is  found,  he  will  first  pass  a  tract  of  clay  and 
■rnd;  then  another  of  chalk;  that  he  will  next  observe 
numerous  quarries  of  the  calcareous  freestone  used  in  archi- 
tecture ;  that  he  will  afterwards  pass  a  broad  zone  of  red 
marly  sand ;  and  beyond  this  will  find  himself  in  the  midst 
of  coal-mines  and  iron-furnaces.  This  order  he  will  find  to 
he  inTsriably  the  same,  whichever  of  the  routes  above  indi- 
cated he  pursues ;  and,  if  he  proceeds  further,  he  will  per- 
ceive that  near  the  Umits  of  the  coal-fields  he  will  generally 
observe  hills  of  the  same  kind  of  compact  limestone,  afford- 
ing grey  and  dark  marbles,  and  abounding  in  mines  of  lead 
and  zinc ;  and  at  a  yet  greater  distance  mountainous  tracts 
in  which  roofing-slate  abounds,  and  the  mines  are  yet  more 
valuable ;  and  lastly,  he  will  often  find,  surrounded  by  these 
ilaty  tracts,  central  groups  of  granitic  rocks." 

The  Great  Western  Bailway,  from  London  to  Bath,  and 
the  Birmingham  line  from  Euston  Square  to  Derby,  respec- 
tively traverse  the  strata  comprised  in  the  oolitic  system ; 
for  our  present  purpose  the  former  will  afford  the  most  in- 
structive illustration.  From  the  Paddington  station,  which 
is  mtuated  on  London  Clay  (p.  282),  the  line  passes  along 
tertiary  strata,  by  Ealing,  HanweU,  and  Slough,  and  enters 
the  Chalk  near  Maidenhead ;  beyond  Wallingford  it  tra- 
venes  the  clays  and  limestones  of  the  Oolite,  and  the  cuttings 
in  many  places  exhibit  good  sections  of  these  deposits. 
Near  Bath  it  emerges  on  the  Lias ;  and,  crossing  a  narrow 
belt  of  Triassic  strata,  passes  on  to  the  Carboniferous  beds 
of  the  Bristol  coal-measures.  In  this  route  there  are  several 
k)calitie8  of  considerable  interest,  as  Farringdon,  Swindon, 
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Chippenham,  Gahie,  Ao.y  to  which  we  shall  allude  here- 
after.* 

10.  SUBBinSIOK  OI"  THE  OOLITB : — POBTLUTD  OOLITE.f 

— Beds  of  limestone  having  the  roe-like  structure  above  de- 
scribed form  a  principal  lithological  feature  of  the  calcareous 
portion  of  the  Oolite ;  but  the  uppermost  deposits  consist  of 
shelly  freestones,  of  variable  structure.  Prom  the  great  em- 
ployment of  certain  beds  of  this  stone  for  architectural  pur- 
poses, and  the  extensive  quarries  that  have  for  centuries 
been  worked  in  the  Isle  of  Portland,  this  upper  group  is 
called  the  Forthmd  stone.  In  the  south  of  England,  as  we 
have  already  had  occasion  to  mention  (p.  897)4  the  Fort- 
land  beds  are  covered  by  the  Purbeck  (Wealden)  strata,  in- 
cluding in  some  places  layers  of  vegetable  mould  and  petri- 
fied upright  trunks  of  coniferous  trees.  The  lower  part  of 
this  group  is  composed  of  a  bed  of  sand  {Portland  sand) 
from  50  to  80  feet  thick,  which  gradually  passes  into  the 
underlying  clay.  The  fossils  of  the  Portland  beds  are  very 
numerous ;  large  ammonites,  pleurotomarisB,  cerithia,  trigo- 
nise,  pectens,  oysters,  &c.,  and  bones  of  saurians,  witli  drift- 
ed coniferous  wood,  are  among  the  prevailing  organic  re- 
mains. § 

*  See  Medals  of  Creation,  vol.  ii. ;  Geological  EzcuTsions  to  Cliilon, 
p.  864;  and,  for  the  section  exposed  by  the  Birmingham  and  Derby  line, 
Excursions  to  Matlock,  p.  867. 

Mr.  Hugh  Miller  contrasts  the  appearance  of  these  railway-sections, 
in  -which  the  strata  have  a  low  angle  of  inclination  (as  usual  with  the 
secondary  rocks  of  England),  with  those  of  the  line  from  Glasgow  to 
Edinburgh.  There  every  few  hundred  yards  in  the  line  brings  the  tra- 
'  Teller  to  a  trap-rock,  against  which  the  strata  are  tilted  at  every  possible 
angle  of  elevation.   See  "  First  Impressions  of  England  and  its  People.'* 

t  For  details  of  the  geological  phenomena  exhibited  by  the  beds  below 
the  Chalk  and  above  the  New  Red  Sandstone,  in  the  south-east  of  Eng- 
land, Dr.  Fitton's  elaborate  memoir,  iii  the  Geol.  Trans,  second  series, 
vol.  iv.,  should  be  consulted* 

X  See  also  Geological  Excursions  round  the  Isle  of  Wight,  &c.  p.  286« 

§  As  a  British  locality  exhibiting  the  Portland  strata  and  their  cha- 
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11.  The  Kimmebidob  Glat. — This  argillaceous  deposit 
oooaists  of  dark-bluish  and  grey  clay,  which  in  some  parts 
ptases  into  highly  bituminous  shale,  known  as  "  Kimme. 
ridge  Coal ; "  the  name  is  derived  from  Kimmeridge  in  Dor- 
letshire,  where  some  of  the  layers  are  sufficiently  combusti- 
ble to  be  used  as  fuel.*  This  deposit  is  in  some  places  300 
feet  in  thickness,  but  thins  out  very  considerably  in  the 
northern  counties  of  England.  It  extends  into  France  and 
Switzerland. 

Near  Hartwell,  in  the  vale  of  Aylesbury,  in  Buckingham- 
ahire,  this  day  is  largely  developed,  and  abounds  in  organic 
remains  of  great  beauty  and  interest,  especially  Ammonites, 
Pleurotomarise,  Thraciie,  Fern®,  &c. ;  the  nacreous  6r  pearly 
coat  of  the  shells  of  the  ammonites  is  often  as  perfect  and 
iplendid  with  iridescent  colours  as  in  a  polished  shell  of  a 
Kixut  nautilus.  Many  of  the  shells  of  which  casts  only 
occur  in  the  Portland  rock  above  are  found  preserved  entire 
in  the  day.  A  flat  oyster  of  a  deltoid  form  {Ostraa  deU 
toidea)  is  very  abundant,  and  is  characteristic  of  the  Kim- 
meridge clay. 

Bones  of  Ichthyosauri,  Plesiosauri,  and  Cetiosauri  are  oc- 
casionally found,  also  scales,  teeth,  and  other  remains  of 
fishes,  among  which  are  mandibles  of  the  Chimseroids.f 

12.  The  Oxfobd  Oolitb,  or  Coral-eao. — The  Kim- 
meridge day  rests  on  beds  of  coralline  limestone,  termed 
Cordl^rag^  many  of  which  are  really  petrified  coral-reefs,  and 

rtceeristic  foasils,  Swindon  in  Wiltshire  is  one  of  the  most  interesting. 
See  Geological  Excursions  in  the  Medals  of  Creation,  vol.  ii.  p.  862. 

*  See  Excursions  round  the  Isle  of  Wight,  p.  265.  This  bituminous 
•hile  contains,  according  to  the  analyses  of  some  chemists,  25  per  cent, 
more  illuminating  power  than  Newcastle  coal,  when  applied  to  manu- 
facturing purposes.  It  occurs  in  sereral  layers,  Tarying  from  2  to  7  I'ect 
in  thickness,  interstratified  with  dark-coloured  sandy  calcareous  beds. 

t  The  extensive  Museum  of  Dr.  Lee  of  Hartwell  contains  a  tine  col- 
leetioD  of  fossils  from  this  neighbourhood ;  and  strangers  are  allowed 
iim  socess  by  the  learned  and  liberal  proprietor. 
2  K 
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consist  of  coarse  limestone,  composed  of  stonj  corals,  cbiefly 
of  the  A8tr<eid<B  family,  and  having  the  interstices  fiUed  up 


Lion.  ii7 sbbxxs  axd  bchiktr  noM  nn  OOLm  Axn  Ltas. 

FlR.  1.  TrigonU  cUTPllata  j  f»x>m  the  Klmmeridftc  City. 

a. •;  a  Umestonc-cast,  fh>iu  Portland. 

a.  Cidarti  Blamenbachil ;  Ooralilne  OoUta,  Calne. 

4.  Trigonla  cmtaU;  middle  OoUte,  UUhworth,  Wilt*. 

5.  Spine  of  Cldarla  Blamenbachil. 

6.  OiTphnlncnnra:  Llaa.    Cheltenham. 

7.  Ammonlta»blfrona(Walcottll,  &»».);  Uaa  near  Bath. 

with  shells,  echinoderms,  sand,  and  pehbles ;  the  whole  is 
more  or  less  consolidated  by  calcareous,  and  in  some  in- 
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stances  bj  eOicious,  infiltrations.  So  obvious  is  the  origin 
of  these  rocks,  that  the  most  incurious  observer  who  travels 
through  the  districts  where  these' deposits  prevail  cannot 
fiul  to  remark  the  blocks  of  coral  which  everywhere  meet 
his  view  in  the  quarries  and  on  the  road-side.  In  many 
psrts  of  Wiltshire,  Berkshire,  and  •  Gloucestershire,  the 
Coral-rag  is  extremeij  rich  in  organic  remains ;  corals,  shells, 
md  echinites  occurring  in  almost  every  mass  of  stone. 
From  the  pits  near  Farringdon  *  hundreds  of  specimens  may 
be  collected  in  the  course  of  a  few  hours ;  and  the  quarries 
near  Calne,  in  Wiltshire,  abound  in  echinites  of  that  beau- 
tiful species  popularly  called  "  Ifairiet^  night-capt "  {CidarUy 
Lign,  117,  ^y.  3),  which  are  often  surrounded  by  their  spines 
in  as  perfect  a  state  as  if  they  had  just  sunk  down  into  soft 
Kmd  or  mu'l ;  detached  spines  of  the?e  animals  are  found 
{lign,  Wl^fig,  6)  in  immense  numbers.f 

Many  species  of  the  bivalves  called  Trig(mi(B,X  of  which 
only  three  species,  inhabitants  of  the  Australian  seas,  are 
known  living,  occur  in  these  beds  in  great  perfection  and 
abundance ;  two  species  are  here  figured  {Lign,  117)  ;  lime- 
stone-casts of  these  shells  are  very  frequent  in  the  Portland 
stone,  and  are  generally  accompanied  with  a  Cerithtvm, 

13.  OxTOBD  Clay. — The  Coral-rag  rests  upon  a  bed  of 
clay,  in  many  places  300  feet  thick,  which  is  characterized 

*  Most  of  the  heights  nroiind  Farringdon  are  capped  with  shelly  sand 
md  Bponge-graTol,  referable  to  the  Lower  Greensand,  overlying  Coral- 
rtf.  Stanford  pit,  three  miles  south-east  of  Farringdon,  contains: — 1. 
Uppermost,  Coral-rag,  3{  feet ;  2.  Limestone,  with  immense  numbers  of 
slielli,  4|  feet ;  3.  Sand,  3  feet ;  4.  Clay.  These  beds  abound  in  trigo- 
nic,  gerrillia!,  terebratale,  ostrnie,  b^lemnites,  and  ammonites ;  in  a  slab 
of  coane  sandy  limestone,  four  feet  square,  I  counted  above  fifty  ger- 
▼illiie  and  many  trigonis.  Between  Watchfield  and  Shrivenham  the 
Coral-rag  is  seen  in  openings  on  the  road -side.  See  Medals  of  Creation, 
▼oKii.  p.  861. 

t  See  Medals  of  Creation,  vol.  i.  p.  311,  for  a  particular  account  of 
Vkw  fossils.  t  Ibid.  p.  412. 
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bj  the  abundance  and  yariety  of  its  organic  remainfl.  Some 
localities  in  Wiltshire  are  celebrated  for  the  state  of  perfec- 
tion in  which  many  species  of  extinct  Cephalopoda  occur. 
At  Christian  Malford,  near  Chippenham,  the  cuttings  for 
the  Great  Western  Bailway  brought  to  light  specimens  of 
the  soft  parts  of  the  animals  allied  to  the  Sepiadas  or  Cuttle- 
fish, whose  shells  are  so  abundant  in  the  argillaceous  depo- 
sits of  the  Oolite.  The  BelemnoUuthis  (of  Channing 
Fearce),*  an  extinct  cephalopodous  mollusc  allied  to  the 
Belemnite,t  but  genericallj  distinct,  has  been  found  with 
its  arms  entire,  and  the  acetabula  or  suckers  and  spines  at- 
tached. In  the  works  for  a  branch-railway  through  Trow- 
bridge, the  Kelloways  rock,  Oxford  clay,  Cornbrash,  and 
Bradford  day  were  largely  exposed,  aud  yielded,  innumer- 
able specimens  of  the  usual  fossils,  and  some  species  of 
ammonites  and  other  shells  not  previously  observed.^  The 
members  of  the  upper  part  of  the  oolitic  system  occur 

•  See  London  Paleontological  Journal,  No.  2,  PI.  XV.  XVI.,  for 
beaatiful  figures  of  some  remarkable  specimens  of  these  extinct  Cephalo- 
poda.   Medals,  vol.  ii.  p.  447,  and  p.  460.    Phil.  Trans.  18^0,  p.  393. 

t  For  a  systematic  accoimt  of  the  Belemnites  and  other  members  of 
the  Cephalopodous  family,  see  Woodward's  "  Manual  of  the  Mollusca." 

X  Mr.  Reginald  Neville  Mantell  made  a  large  collection  of  the  fossils 
brought  to  light  by  the  cuttings  and  excavations  in  this  locality.  It  com- 
prised very  large  and  fine  specimens  of  Ammonites ;  Nautili ;  Belem- 
nites with  the  phragmocone  and  traces  of  the  soft  parts ;  the  cartilagin- 
ous base  of  the  B^lemnoteuthu  ;  innumerable  small  gasteropodous  shells ; 
Ostraese  deltoideas ;  Gryphies,  Terebratulte,  &c. ;  masses  of  coniferous 
wood  and  lignite ;  bones  of  Ichthyosauri,  Plesiosauri^  Teleosauri,  &c. ; 
and  a  few  relics  of  fishes.  The  profusion  of  fossil  shells  dug  up  in  the 
comparatively  small  area  traversed  by  the  railway,  some  of  which  were 
inhabitants  of  deep  and  others  of  shallow  water,  here  and  there  inter- 
mingled with  drift-wood,  attests  the  effects  of  sub-marine  currents  by 
which  the  remains  of  molluscs  of  such  different  habitats  were  accumu- 
lated and  spread  over  this  area  of  the  sea-bottom,  with  the  spoils  of  the 
land  transported  from  a  distance  by  rivers.  Quart.  Joum.  Geol.  Soc 
vol.  vi.  p.  315. 
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throagh  this  part  of  Wiltshire  in  their  natural  order  of  buc- 
oeasion ;  as  is  shown  in  the  following  section  (JLign,  118),  in 
which  the  subdivisions  of  the  Chalk  and  Oolite,  from  the 
Upper  or  flinty  Chalk  down  to  the  Oxford  Clay,  are  seen  in 
a  nearly  horizontal  and  conformable  position. 


IMS.   lis.— DlAABAM-flBCnOir  THSOVOH  THB  WlXTIKDa  CKALX-DOWXt  TO  TSB 
OXPOftD  CLAY. 

1-  Vfvar  umA  Lowtr  Wbit*  Chalk.    1.  Upper  Oremnad.    S.  Oanlt.    4.  Lower  OreniaBd 
-      A.  FonUad  (Mite.    t.  Xiniiicridite  Ctaj.    7.  Ooral-raff.    6.  Oxford  CUy. 

14.    KXLLOWATS   EOOK  AITO    CORTTBRASH.  —  A   bed    of 

l^ritty  and  sandy  limestone,  a  few  feet  in  thickness,  and  some- 
times ferruginous,  is  intercalated  with  the  lower  portion  of 
the  Oxford  Clay  in  the  South  of  England  and  in  Yorkshire, 
and  18  remarkable  for  the  abundance  of  molluscan  remains 
which  it  contains.  It  is  called  the  Kelloways  rock ;  hence 
a  fommon  species  of  ammonite  in  this  deposit  is  named 
A.  OaHometuif, 

Chmhrath. — Under  the  Oxford  Clay  a  hard  rubbly  lime- 
stone, from  ten  to  twelre  feet  thick,  sometimes  passing  into 
clay  and  sandstone,  is  generally  met  with,  which,  like  the 
Kelloways  rock,  swarms  with  many  species  and  genera  of 
marine  shells,  associated  with  other  fossils.  This  bed  is  pro- 
▼indally  termed  Combrash.  Subjoined  are  figures  of  a  few 
Combrash  shells  from  the  neighbourhood  of  Scarborough  in 
Yorkshire,  which  were  first  described  by  Mr.  Bean.* 

•  See  Moff.  Nat.  HUt.  1839,  rol.  ui.  p.  57. 
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In  the  South-west  of  England,  the  Combrash,  which  is 
persistent  as  a  peculiar  shelly  deposit  from  the  South  to 
the  North  of  England,  is  succeeded  downwards  hy,  1st,  the 


LiaX.  119.— 8HKX.L8  FROM  TIU  TOAXSOIUC  OoKMBRABH. 

Fig.  I.  Sang uinolaria  parrola. 

S.  Bulla  andulaca.    (Oocun  alto  in  the  Great  Oolite  of  Minchlnhampton.) 

8.  Natica  punctara.  (Oooun  dleo  lu  Uie  Great  Oolite  and  Inferior  Oolite  of 

Yorluhire.) 

4.  Anomia  semietriata. 

5.  Cardiam  globoeum- 

9.  laocardia  triangularU. 

Hinton  Sands  and  Forest  Marble,  together  about  100  feet 
in  thickness;  2nd,  by  the  Bradford  Clay,  about  50  feet 
thick ;  3rd,  the  Great  or  Bath  Oolite,  varying  from  40  to 
120  feet  in  thickness ;  4th,  the  Fuller's  Earth,  a  series  of 
marly  and  calcareous  beds,  of  very  yariable  thickness,  some- 
times 130  feet  thick;  and- lastly  by  the  Inferior  Oolite,  a 
group  of  calcareous  and  sandy  beds,  often  ferruginous,  and 
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Bometiines  upwards  of  200  feet  thick.  The  Inferior  Oolite 
extends  into  the  Midland  counties  and  Yorkshire,  although 
very  reduced  in  thickness ;  hut  the  other  memhers  of  the 
Lower  Oolite  heneath  the  Comhrash  are  variously  repre- 
sented in  the  Midland  and  North-eastern  districts,  and  in 
the  North  British  area  represented  hj  the  Oolites  of  Skye 
and  Brora.  Instead  of  marine  calcareous  deposits  heing  the 
predominant  feature,  sandy  and  clayey  deposits  form  the 
mass  of  the  heds ;  and  land-animals,  such  as  insects,  the  Me- 
galosaurus,  and  a  few  mammals,  are  found  in  them,  whilst 
remains  of  land-plants  occur  occasionally  in  great  profusion. 
In  these  circumstances  we  have  indications  that  the  Lower 
Oolitic  rocks  of  Southern  England  were  formed  in  a  com- 
paratively deep  sea  (though  not  of  so  uniform  a  depth  as 
that  of  the  preceding  Middle  and  Upper  Oolite  periods),  and 
that  the  coast-line  of  the  then  existing  land  lay  prohahly  at 
no  great  distance  to  the  north-west  of  our  Midland  Oolitic 
area.* 

The  Mreat  Marble  and  Bradford  Clay.— The  fissile  sandy 
oolitic  beds,  or  tilestoues,  of  the  Eorest  Marble,  have  afford- 
ed remarkably  fine  specimens  of  ripple-markings  and  tracks 
of  shell-fish  and  crustaceans ;  and  have  evidently  originated 
as  local  shallow- water  deposits,  full  of  broken  shells.  The 
more  compact  shell-beds  form  the  blue  limestones,  or  forest . 
marble  of  Wiltshire.  A  series  of  clay-beds  and  thin  lime- 
stones succeed,  but  are  sometimes  merged  into  the  Forest 

*  The  student  U  referred  to  Mr.  Morris's  lucid  comparison  of  the 
Oolitic  rocks  of  Gloucestershire,  Lincolnshire,  and  Yoricshire,  in  the 
Quart.  Geol.  Joum.  vol.  iz.  p.  317,  for  detailed  descriptions  and  much 
valuable  information  on  this  subject. 

The  admirable  memoir  by  Mr.  Lonsdale  on  the  Geology  of  the  country 
around  Bath  should  be  consulted  by  those  desirous  of  more  ample  in- 
fbnnation  on  the  Oolite  of  that  part  of  England;  Geol.  Trans.  2nd 
ser.  Tol.  iii.  p.  242, — ^aiid  Professor  Phillips's  Geology  of  Yorkshire,  for 
a  full  account  of  the  Oolite  system  of  the  eastern  moorlands  of  that 
County. 
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Marble  above,  or  the  Fuller's  Earth  beds  below.  These 
clays  are  remarkable  in  the  neighbourhood  of  Bradford,  in 
Wilts,  for  the  remains  of  a  particular  species  of  crinoid, 
called  the  Fear-encrinite  of  Bradford*  (Apiocrinus:  Me- 
dals, p.  288),  which  in  some  places  occur  under  circum- 
stances apparently  indicating  that  the  animals  still  occupy 
the  spots  where  they  grew.  The  clay  is  spread  over  the 
surface  of  a  stratum  of  limestone,  and  many  of  the  stems  of 
these  Stone-lilies  are  upright,  with  their  root-like  bases  at- 
tached to  the  calcareous  rock ;  and  numerous  articulations, 
once  composing  the  stems,  arms,  and  body  of  the  animals, 
are  scattered  at  random  through  the  clay.f 

15.  The  Gotteswold  Hills. — As  the  elevated  tract  of 
country  called  the  Gotteswold  Hills,  which  extends  for 
thirty  miles  through  the  county  of  Gloucester,  in  a  N.E. 
and  S.W.  direction,  having  an  average  breadth  of  ten  or 
twelve  miles,  exhibits  the  principal  characters  of  the  Jurassic 
series  of  the  South-west  of  England,  the  following  brief  de- 
scription of  this  interesting  and  typical  tract  will  be  highly 
useful  to  the  student.^ 

The  surface  of  this  district  has  a  general  inclination  to  the  S.E.,  its 
eastern  borders  having  an  elevation  of  about  400  to  500  feet  above  the 
sea ;  whilst  the  western  ranges  from  600  to  SOU  feet,  and  the  culminat- 
ing point,  Cleeve  Cloud,  is  1134  feet  hi^h. 

The  branch  of  the  Great  Western  Railway  from  Swindon  to  Crlouces- 


•  Pictorial  Atlas,  pi.  1.  f  Manual  of  Geology,  5lh  Edit.  p.  307. 

t  This  account  of  the  physical  geography  and  structure  of  the  Cottes- 
wolds  was  communicated  to  the  author  by  Professor  Woodward,  formerly 
of  the  Agricultural  College,  Cirencestpr.  now  of  the  Br-tish  Museun.  The 
student  should  also  avail  himself  of  Mr.  Hull's  psper  on  the  Cottes- 
wolds,  in  the  Geo].  Soc.  Joum,  vol.  xi.  p.  477 ;  and  his  *'  Memoir  on 
the  Geology  of  the  country  around  Cheltenham,"  in  the  Memoirs  of 
the  Gpoloirical  Survey,  1857,  illustrative  of  the  Sheet  44  of  the  GeoIo£ic;il 
Survey  Map. 
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tier  |WHiw  throogii  the  centre  of  the  district,  and  affords  a  key  to  its  geo- 
iofical  structure. 

These  hills  are  entirely  composed  of  two  series  of  oolitic  limestones, 
•epttrated  by  a  bed  of  clay  known  to  geologists  as  the  "  Fuller's  Earth." 
Tte  stimu  are  inclined  to  the  S.E.,  at  the  rate  of  about  1  in  130,  or  less 
than  half  a  degree;  yet  this  inclination  is  greater  than  that  of  the  general 
soT&oe,  and  sufficient  to  carry  the  hill-strata  beneath  the  newer  forma- 
tiooa  oo  the  S.E., ;  whilst  on  the  north-western  boundary  they  termi- 
naie  in  steep  escarpments,  that  are  broken  and  indented  by  numerous 
deep  and  picturesque  Taileys. 

In  order  to  obtain  a  general  idea  of  the  nature  and  succession  of  the 
strata  of  the  whole  district,  we  may  conTeniently  pursue  the  well-known 
Rooun  road  termed  the  *'  Irmin  Way,"  which,  coming  from  Newbury 
thnrai^  the  Wanborough  downs,  nms  almost  in  a  straight  line  to  Crick- 
lade,  Cirencester,  Birdlip,  and  Gloucester,  and  traverses  in  succession 
the  whole  of  the  oolitic  strata,  in  the  following  order : — 

1.  Portland  stone.  2.  Kimmeridge  clay.  3.  Coral-rag.  4.  Oxford 
day  and  Kelloways  rock.  5.  Great  Oolite :  subdivided  into  Com- 
brashy  Forest  marble,  Bradford  clay,  Bath  freestone,  Stonesfield 
•late.    6.  Fuller's  earth.    7.  Inferior  Oolite.    8.  Lias. 

1.  The  Portland  stone  is  extensively  quarried  near  Swindon  Old 
Town :  2.  The  Kimmeridge  clay  forms  the  valley  in  which  the  Swindon 
i  and  the  New  Town  are  situated :  3.  The  CoraUrag  rises  up  from 
t  the  clay,  and  constitutes  the  hills  about  Stratton,  Saint  Marga- 
ret's, Pen  Hill,  and  Blunsdon :  4.  The  Oxford  elay  occupies  the  whole 
of  Braydon  Forest,  and  the  wide  valley  around  Cricklade,  but  is  covered 
in  many  places  by  thick  beds  of  oolitic  gravel. 

5.  At  Driffield  Cross-ways  the  Combrwth  is  seen  in  the  small  quarries 
from  which  the  road-stone  is  procured ;  and  in  descending  the  hill 
towards  C^encester  we  pass  to  the  Forett  marble,  a  thin-bedded  stone, 
well  shown  in  the  quarries  at  Preston,  from  which  much  of  the  roofing- 
stone  and  planking,  so  extensively  used  in  the  neighbourhood,  is  obtained. 
A  bed  of  day  is  usually  found  separating  the  Forest  marble  from  the 
Bath  freestone,  and  is  therefore  the  equivalent  of  the  Bradford  elay 
Beyond  Stratton  the  road  lies  over  the  Bath  freestone  (or  "  Hampton 
ttone")  as  far  as  Highgate,  where  several  deep  valleys  expose  the  Stonet' 
JiM  date,  Fuller't  earth,  and  Inferior  Oolite, 

The  quarries  near  Birdlip  also  exhibit  the  Inferior  Oolite,  and  the  re- 
mainder of  the  road  to  Gloucester  rests  upon  the  Lias, 

If  an  Artesian  well  were  sunk  at  Swindon  New  Town,  it  would  pro- 
bably pass  throng  the  above-mentioned  strata,  from  the  Kimmeridge 
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day  to  the  Lias,  in  the  same  order  in  which  they  are  passed  over  by 
the  Irmin  Way,  reaching  the  soiface  of  the  Lias  at  a  depth  of  about 
lOOU  feet. 

16.  The  Q-bea.t  Oolite  and  Stokssfisli)  Slate. — Ths 
Great  Oolite  of  the  Western  Counties  is  a  calcareous  series, 
in  which  the  well-known  Bath  Oolite  is^  imbedded.  As  we 
trace  this  series  towards  the  north-east,  it  becomes  much 
modified,  and  the  lower  beds  appear  to  pass  into  the  cele* 
brated  Stonesfield  Slate  *  (or  tile-stone). 

Stonesfield,  a  small  village  near  Woodstock,  about  twelve 
miles  north-west  of  Oxford,  has  long  been  celebrated  for 
the  fossils  imbedded  in  its  thin-bedded  limestone  ;  f  bones 
and  teeth  of  large  reptiles  and  of  fishes,  and  other  remains 
from  this  locality,  were  described  and  figured  by  Lhwyd, 
more  than  a  century  ago.f 

Dr.  Buckland's  memoir  on  the  great  fossil  reptile  of 
Stonesfield,  the  Megalosauru8,§  where  he  at  the  same  time 
mentioned  the  discovery  of  mammalian  jaws  in  the  same 
deposits,  drew  special  attention  to  this  interesting  locality. 

The  Stonesfield  strata  have  been  ascertained,  by  Mr.  Lonsdale,  to  be- 
long to  the  lower  division  of  the  Great  Oolite;  from  Dr.  Fitton's  de- 
scription jl  of  the  circumstances  under  which  they  occur,  we  learn  that 
in  crossing  the  country  from  Oxford  to  Stonesfield,  the  Oxford  clay  with 
its  characteristic  fossils  is  first  observed  ;  this  is  succeeded  by  the  Ck>rn- 
brash—the  uppermost  stratum  of  the  Great  Oolite  group,  which  is  seen 
beneath  the  clay  in  several  quarries  on  the  sides  of  the  road  to  Wood- 
stock and  Blenheim The  village  of  Stonesfield  is  situated  on  the 

brow  of  a  valley,  both  sides  of  which  are  deeply  excavated  by  the  shaAa 

•  PhUlips's  Manual  of  Geology,  p.  303. 

t  Commonly  called  Stonetfield  tUUe.  As  the  term  "  slate  "  is  techni- 
cally applied  to  the  old  metamorphic  clay-alaiet  only,  it  is  misapplied  to 
the  laminated  rock  of  Stonesfield,  which  is  fissile  by  its  stratification, 
not  by  **  cleavage." 

X  Lithophylacii  Britannici  Ichnographia. 

i  Geological  Transactions,  second  series,  vol,  i.  p.  390. 

I  Zoological  Journal,  vol.  iiL  p.  416. 
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acd  filieries  Uiat  have  been  constructed  for  the  extraction  of  the  "  slate." 
Tbe  beds  that  supply  the  stone  are  at  a  depth  of  about  My  feet  below 
the  summit,  and  are  worked  by  shafts.  The  upper  twenty-fiye  feet  con- 
iM  of  days  alternating  with  calcareous  stone ;  the  lower  of  fine-grained 
oalitic  limestone,  with  numerous  casts  of  shells.  From  the  bottom  of 
the  shaft,  drifts  or  horizontal  excaTations  are  made  around,  extending  as 
fu-  as  safety  will  permit;  the  beds  above  beuig  supported  by  piles  of  the 
less  valuable  materials.  The  strata  thus  worked  do  not  exceed  six  feet 
in  thickness ;  they  consist  of  sandy  beds  imbedding  large  calcareous  con- 
cietions,  which,  by  exposure  to  the  frost,  admit  of  separation  into  thin 
flakes. 

Fissile  calcareous  concretions,  similar  to  tbose  of  Stones- 
field,  occur  also  at  Wittering  and  Colljweston,  associated 
with  sandy  beds  and  oolite  limestones,  and  contain  ferns  and 
other  terrestrial  plants,  together  with  marine  shells. 

17.  Organic  Ebicains  of  the  Stonesfield  Slate. — 
Tbe  majoritj  of  the  fossils  of  Stonesfield,  although  of  so 
highly  interesting  a  character,  have  hitherto  been  very  im- 
perfectly investigated.  The  vegetable  remains  consist  of 
facoidal  plants,  and  of  pabns,  arborescent  ferns,  and  plants 
allied  to  the  Zamia  and  Cjcas,  with  seed-vessels,  leaves,  and 
stems  of  conifersD,  and  traces  of  reed-like  plants.  Tbe  shells 
are  Jurassic  in  their  character;  and  one  small  bivalve  (IVi- 
pnia  impreua)  is  extremely  abundant.  The  bones  and 
teeth  of  the  gigantic  terrestrial  reptile  related  to  the  Moni- 
tor, the  MegalosauruSf  mentioned  above  as  occurring  in  the 
Wealden  (vol.  i.  p.  435),  bones  of  Pterodactyles  or  flying 
liiards,  bones  and  plates  of  Turtles,  and  other  osseous  re- 
mains, apparently  of  saurians,  present  a  striking  general 
correspondence  with  the  fossils  of  the  Wealden.  The  elytra 
or  wing-cases  of  beetles,  and  other  relics  of  insects,  are  of 
frequent  occurrence.  Hie  teeth,  scales,  fin-bones,  and  rajs 
of  fishes  belong  for  the  most  part  to  the  same  genera  and 
species  as  those  contained  in  other  Jurassic  strata ;  teeth  of 
Lepidotus  and  Hyhodw  are  frequently  met  with ;  *   but 

*  See  Buckland's  Bridgwater  Treatise  for  figures  of  several  fossils 
from  Stonesfield. 
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by  far  the  most  interesting  fossils  are  the  mammalian  re- 
mains. 

18.  Fossni  Mammalul  of  Stokesmbld.*— The  lamin- 
ated oolitic  limestones  of  Stonesfield  have  yielded  some  of 
the  most  precious  relics  of  the  past  ages  of  our  globe—most 


LroK.  lso.«-Tn  szoht  sids  of  tbi  Lowm  jaw  or  ▲  mamvpiai.  Mamxauak; 

Stonksfikld 

(from  Zoolog.  Journ.  toI.  ill.  pi.  zi.) 

Fif .  1.  Natanl  tlM.    Fig.  2.  Bnlargcd  Tiew  of  aclnyle  tooth. 

CrhMnlotktrium  Bmekltmii.;^ 

of  the  known  vestiges  of  mammalian  animals }  in  the  se- 
condary formations,  in  other  words,  in  deposits  of  an  age 

*  See  Prof.  Owen's  Memoir  in  the  Geol.  Trans.  2  ser.  toL  ii.  p.  147 ; 
Medals  of  Creation,  vol.  ii.  p.  805  ;  Petrifactions,  p.  401 . 

t  The  original  is  in  the  British  Museum ;  it  is  in  an  admirable  state  of 
preservation ;  and  the  piece  of  rock  in  which  it  is  imbedded  has  numer- 
ous casts  of  the  Trigonia  in^treasa^  which  occur  in  such  profusion  in  the 
Stonesfield  tilestone. 

X  Emmons's  DronuUheriumy  from  the  Chatham  Coal-field  of  North 
Carolina,  and  Plieninger's  Microletiea,  from  the  Wirtemberg  Bone-bed, 
are  Mammalia  of  still  more  ancient  date. 
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long  antecedent  to  the  msmmaliferouB  eocene  epoch : — ^a  fact 
of  the  highest  interest  to  the  geologist,  since  it  carries  back 
the  existence  of  the  higher  vertebrated  animals  to  a  period 
of  nnfathoinable  antiquity. 

Hie  mammalian  lemainB  hitherto  discovered  comprise, 
firstlj,  a  portion  of  lower  jaw,  with  teeth,  of  a  small  pachy- 
dermatous animal  (the  Stereognathus)^*  nearly  related  to 
lome  of  the  Eocene  mammals,  such  as  the  Myracotherium 
and  PUolapJiu9  ;  f  uid,  secondly,  at  least  eeven  specimens 
of  portions  of  lower  jaws,  with  teeth,  belonging  to  very  small 
animals,  and  referable  to  two  genera.  One  of  these  is  allied 
to  the  Wombat  (JPhaacolomys),  a  marsupial  animal  of  New 
Sout^  Wales;  proving  that  the  remarkable  character  of 
the  mammalian  fauna  of  Australia  also  prevailed  in  a  very 
remote  period,  and  that  it  is  not,  as  some  have  inferred,  a 
new  order  of  things.  The  other  was  a  small  insectivorous 
mammal  {An^hitherium)y  having  thirty-two  teeth  in  the 
lower  jaw ;  its  marsupial  affinities  are  doubtful.^ 

19.    COMPABISOK   OP   THS    StOKESVIELB   AKD   WeaLDEK 

FosBii.8. — We  have  seen  that  the  zoological  characters  of 
the  Oolite  and  Lias  are  decidedly  marine,  with  intercalations 
of  materiab  brought  down  by  rivers  into  the  sea,  and  trans- 
ported by  currents  to  a  more  or  less  distant  part  of  the 
oceanic  basin.  Unlike  the  organic  remains  of  the  Wealden, 
the  terrestrial  and  fresh-water  productions  are  mingled  with 
marine  plants,  shells,  and  fishes.  Thus,  while  the  Chalk 
consists  of  the  bed  of  a  deep  sea  with  scarcely  any  inter- 
mixture either  of  land  or  fresh-water  debris,  and  the  Wealden 
of  a  delta  in  which  but  few  marine  exuvi»  are  imbedded,  the 
Lower  Oolitic  series  presents  an  intermediate  character,  of 
which  the  Stonesfield  strata  afford  a  highly  interesting  ez- 

*  Quart  Jonrn.  Geol.  Soc.  vol.  xiii.  p.  1. 

t  DeKribed  by  Prof.  Owen  in  Geol.  Proceed,  for  May  20.  1857. 

I  In  Prof.  Owen's  "  British  Fossil  Mammals,"  are  exquisite  figures 
and  an  elabotata  philosophical  notice  of  the  mammalian  remains  disco- 
Tend  in  the  **  Stonesfield  shite."  See  aUo  Lyell's  Manual,  p.  312. 
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ample.  The  reader  cannot  &il  to  mark  the  general  corre- 
spondence that  exists  between  the  organic  remains  imbedded 
in  these  fluvio-marine  deposits  of  the  Oolite  and  those  of  the 
Wealden :  *  the  following  tabular  view  will  render  this  ana- 
logy more  obvious — 

Wealden  and  Purbeck  Strata,         Stonenfidd  and  Colfywe^ton  Slates, 

Drifted  coniferous  wood. 

Fucoidal  plants. 

Ferns :  Sphenopteris,  Taeniopteri^, 

&c. 
CycadaceaB. 
Carpolithes,     and     undetermined 

seed-vessels. 
Marine  shells  —  Pteroceras»   Tri- 

gonia,  &c 
Marine  Crustaceans :  Astacidse,  Slc. 
Insects :  several  genera. 
Fishes  of  the  genera  Hybodus,  Le- 

pidotus,  Strophodus,  &c. 
Marine  Chelonians. 

Plesiosaurus  and  Cctiosaurus. 


Drifted  coniferous  wood  and  lig- 
nite. 

Equiseta. 

Ferns:  Sphenopteris,  Lonchopte- 
ris,  Sec, 

Cycadacese. 

Carpolithes,  and  undetermined 
seed-vessels. 

Fresh-water  shells:  Paludina,  Cy- 
clas,  Unio,  Sec, 

Freshwater  Crustaceans :  Cyprida*. 

Insects :  numerous  genera. 

Fishes  of  the  genera  Hybodus,  Le- 
pidotus,  &c. 

Marine    and  Fresh-water    Chelo- 


Reptiles  :    marine  —  Plesiosaurus 
and  Cetiosaurus. 

m :  terrestrial —  Megalosaurus, 

Hyiaeosaurus,  Iguanodon,  &c. 

Crocodilian — Goniophilis,   Pcecilo-     Teleosauni?. 
pleuron,  &c. 

Pterodactyles. 

Birds  ? 

Mammalia:  several  genera  (Pur- 
beck). 

From  this  table  we  perceive  at  a  glance,  that  the  fauna 
nnd  flora  of  the  dry  land  during  the  deposition  of  the 
Stonesfield  oolite  and  the  Wealden-strata  were  essentially 
the  same ;  while  the  difference  in  the  moUusca  points  out 
the  respective  conditions  under  which  the  deposits  took 


Megalosaurus. 


Pterodactyles. 

Birds? 

Mammalia  :  three  genera. 


*  See  also  Fomils  of  the  South  Downs,  Sec.  1822,  p.  37  and  &9. 
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place:  and  the  same  may  be  said  more  or  less  exactly  on 
comparison  of  the  estuanne  Jurassic  beds  of  Skye  and  Brora, 
and  of  Yorkshire,  with  the  Wealden  series.  The  fresh- 
irater  shells  'of  the  Wealden  indicate  the  bed  either  of  a 
delta  or  a  great  lagoon ;  the  marine  shells  of  the  Stonesfield 
strata,  the  basin  of  a  deep  sea.  Nor  can  we  resist  the  con- 
riction  that  not  only  did  the  same  terrestrial  area,  however 
modified  it  must  .have  been  during  the  long  succession  of 
ages,  supply  the  debris  of  an  almost  unchanged  system  of 
animal  and  vegetable  life  to  the  Jurassic  seas  at  first,  and 
subsequently  to  the  cretaceous  ocean,  but  that  also  the 
fauna  and  flora  of  this  ancient  land  of  the  secondary  epoch 
had  many  important  features  which  now  characterize  Aus- 
tralasia. The  Stonesfield  marsupials  and  the  Furbeck  P/a- 
yiaulax  are  allied  to  genera  now  restricted  to  New  South 
Wales  and  Van  Diemen's  Land ;  and  it  is  a  most  interesting 
iact,  as  Professor  Phillips  was  the  first  to  remark,  that  the 
organic  remains  with  which  these  relics  are  associated  also  cor- 
respond with  the  existing  forms  of  the  Australian  continent 
and  neighbouring  seas ;  for  it  is  in  those  distant  latitudes 
that  the  waters  are  inhabited  by  Cestracions,  Trigoni®,  and 
Terebratulce ;  and  that  the  dry  land  is  clothed  with  Arauca- 
ri».  Tree-ferns,  and  Cycadeous  plants. 

20.  Lithographic  stone  of  Germany. — The  quarries 
in  Germany  which  yield  the  fine-grained  fissile  calcareous 
itone  so  much  employed  in  lithography,  and  belonging  to  the 
upper  portion  of  the  Jurassic  series,  afford  also  a  rich  assem- 
blage of  organic  remains,  of  the  highest  interest.  This  de- 
posit is  found  in  that  prolongation  of  the  chain  of  the  Jura 
which,  after  the  fall  of  the  Ehine  at  Schaff*hausen,  passes 
into  Grermany  along  the  borders  of  the  Maine  and  near  to 
Cobourg.  The  quarries  are  situated  on  the  sides  of  the  val- 
ley of  the  Altmuhl,  a  tributary  of  the  Danube,  that  extends 
by  Pappenheim  and  Aichsted.  This  valley  presents  a  pre- 
dpitous  escarpment,  which  is  composed  of,  1.  (the  upper- 
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most  part),  fissile  calcareous  rock,  containing  in  abundance 
fishes,  crustaceans, ecbinoderms,  and  reptiles,  with  a  few  small 
ammonites  and  bivalve  shells ;— 2.  a  magnesian  limestone ; 


LIOX.  121.— FUSSIL  PKAWX.  FBOX  PXPPKKHEZM. 

3.  limestone  of  a  greyish-white  colour,  abounding  in  ammo- 
nites ;  and  4.  brown  or  grey  sandstone,  of  a  fine  grain,  con- 
stituting the  base  of  the  hills  of  the  district.*  The  most 
celebrated  quarry  of  the  laminated  limestone  is  that  of  So- 
lenhofen,  near  Pappenheim.  The  cream-coloured  limestone 
of  this  quarry  has  long  been  known  to  contain  organic  re- 
mains of  great  beauty  and  interest.  Crustaceans  allied  to 
the  Lobster,  Shrimp,  &c.  are  often  met  with,  and  many  spe- 
cimens are  figured  by  authors.  Knorr's  *^  Monutnens  des 
Catastrophes  que  le  Olohe  ierrestre  a  essuie  "  contains  nu- 
merous coloured  representations  of  these  fossils.  The 
Prawn-like  crustacean  here  figured  (^Lign,  121)  shows  the 
extraordinary  state  of  preservation  of  these  remains.     Cro- 

*  For  the  relative  age  of  these  Jurassic  rocks  of  Bavaria,  see  Fraas*s 
Memoir,  Gcol.  Soc.  Juurn.  vol.  vii.  part  2,  p.  74. 
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eodiiian,  Fterodactylian,  Ghelonian,  and  other  reptiles,  up- 
virds  of  sixty  species  of  fish,  forty-six  of  crostaoeans,  and 
tvsitf-six  of  insects,  have  been  collected  in  the  Solenhofen 
beds  bj  Ck>unt  Miinster.*  There  are  but  few  shells  and 
plants,  and  these  are  marine. 

Sir  H.  De  la  Beche  has  remarked,  that  the  fact  of  the 
greatest  number  of  fossil  Insects  yet  noticed  in  the  Oolite 
haTing  been  found  where  the  remains  of  the  Pterodactyles 
principally  occur  seems  to  establish  a  connexion  between 
these  creatures,  not  merely  accidental ;  and  that  it  is  pro- 
bable the  whole  of  the  deposits  of  this  local  group  of  the 
Jura-limestone  (and  those  also  of  Stonesfield)  may  have 
been  effected  on  a  coast  where  the  water  was  not  deep,  and 
on  the  shores  of  which  the  flying  reptiles  chased  their  insect- 
prey  .t  The  association  of  insectiyorous  mammals  and  rep- 
tiles with  innumerable  relics  of  insects  in  the  Purbeck  beds 
of  Dorset  is  of  equal  interest.} 

21.  CoAX-BEABiKO  Strata  OF  the  Oolite. — We  noticed 
the  occurrence  in  the  tertiary  system  of  Provence  of  beds 
of  coal  with  limestone  containing  fresh-water  shells  and 
crustaceans  (vol.  i.  p.  264)  ;  and  in  the  lacustrine  deposits 
of  the  Shine,  accumulations  of  brown-coal  and  lignite 
(p.  283).  In  the  Wealden  of  the  South-east  of  England,  lig- 
nite and  thin  seams  of  coal  are  associated  with  shale  and 
laminated  sandstones,  so  much  resembling  the  ancient  carbo- 
niferous beds  as  to  have  led  to  an  expensive  and  abortive 
search  for  coal ;  while  in  the  north  of  Germany  the  Wealden 
contains  a  rich  coal-field  of  considerable  extent.  The  fluvio- 
strata  of  Stonesfield,  though  teeming  with  vestiges 


*  See  Miuuter's  fieitritge  txa  Geognosie  und  Petrefactenkunde, 
for  descriptions  and  figures  of  numerous  fossils  from  the  Solenhofen 
deposits. 

t  A  beautiful  fossil  Dragon-fly  from  Solenhofen  is  figured  in  Medals 
of  Creation,  roL  ii.  p.  551. 

I  See  Plot  Owen's  remarks,  Jonm.  Geol.  Soc.  vol.  z.  p.  432. 
2  L 
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of  land-planta,  enclose  no  considerable  masses  of  vegetable 
matter ;  but  in  tbe  extension  of  these  lower  beds  of  the 
Oolite  northward,  indications  of  lignite  and  carbonized 
plants  become  more  abundant ;  and  along  some  parts  of  the 
Yorkshire  coast  seams  of  coal  and  numerous  fossil  yeget* 
ables  occur ;  proving  that  the  currents  of  fresh  water  which 
flowed  into  that  part  of  the  Jurassic  sea  were  occasionallj 
loaded  with  trees  and  terrestrial  plants,  transported  from 
the  lands  inhabited  by  the  Megalosaur,  Pterodactyles,  and 
small  Mammalians,  the  remains  of  which  are  found  at 
Stonesfield.  On  the  eastern  and  the  western  shores  of  Scot- 
land, strata  of  a  similar  character  are  exposed. 

Professor  Phillips  has  described  the  coal-bearing  beds  of 
the  Yorkshire  Oolite,*  and  Sir  B.  Murchison  those  of 
Sutherlandshire ;  t  the  tabular  arrangement  at  p.  491  shows 
the  succession  of  the  deposits  in  these  two  localities. 

In  Yorkshire  the  lower  Oolite  is  represented  by,  1.  a  thin 
Combrash  limestone ;  2.  a  thick  mass  of  sandstones  and 
shales  abounding  in  coaly  matter ;  and  3.  ferruginous  sandy- 
beds,  overlying  the  Lias.  The  carbonaceous  matter  takes 
the  form  of  seams  of  coal,  which,  though  thin,  are,  from  local 
circumstances,  of  considerable  value.  These  strata  assume 
the  appearance  of  a  true  coal-field,  with  subordinate  beds  of 
coarse  shelly  limestone.  Indeed,  Prof.  Phillips  has  remark- 
ed that  in  the  Lower  Oolitic  series  of  Yorkshire  there  are 
five  plant-bearing  bands  of  sandstone  and  shales  (occasion- 
ally yielding  coal  in  three  zones),  four  calcareous  bands,  and 
several  layers  of  ironstone.  Here,  observes  Professor  Phil- 
lips, we  have  truly  a  coal-field  of  the  Oolitic  era,  produced 
by  the  intercalation  of  vast  quantities  of  sedimentary  detri- 
tus loaded  with  .vegetable  matter,  brought  down  by  flodds 

*  Encyclopaedia  Metropolitana,  art.  Geohffy;  Manual  of  Geology; 
and  the  Geology  of  Yorkshire,  by  the  same  eminent  phili  sopher.  See 
also  Geo].  Proceed,  for  June,  1857. 

t  Geol.  Transact.  2nd  series,  vol.  ii.  p.  293  and  353. 
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ftom  the  land,  between  the  more  exdusively  mEurine  strata 
of  the  ordinaiy  Oolitic  type.  The  fossil  plants  which  accom- 
pany the  coaly  sandstones  occur  also 
in  the  calcareous  beds,  both  on  the 
Torkshire  coast  and  at  Brandsby.  No 
marine  exuviie  have  yet  been  found  in 
the  coal-grits  or  shales.  Along  the 
coast  under  Gristhorp  cliffs,  a  seam 
of  shale,  but  a  few  inches  in  thickness, 
may  be  traced  for  miles;  and,  from 
its  abounding  in  leaves  of  ferns  and 
equisetaceouB  and  cycadaceous  plants, 
it  is  chiselled  out  by  collectors  to  ob- 
tain specimens;  for  the  beauty  and 
variety  of  these  fossils  render  them 
objects  of  great  interest.  Detached 
leaves  {Lign,  122)  in  a  carbonized 
state  are  very  abundant,  and  their 
venation  is  generally  weU  preserved. 
Professor  Phillips  haft  figured  several 
kinds  in  his  "  Gkology  of  Yorkshire :  ** 
and  numerous  species  afe  described 
in  Lindley  and  Hutton's  ''British 
.  Fossil  Flora."  •  The  fruits  of  Zamia- 
Uke  plants  also  occur,  and  many  splen- 
did examples  are  preserved  in  the  British  Museum  f  and 
other  collections.  This  specimen  {lAgn,  123)  shows  the 
usual  appearance  of  these  fossil  fruits ;  it  is  imbedded  in 
dark  ironatone-shale,  and  the  leaves  and  their  imprints  are 
covered  with  a  white  hydrate  of  alumina.  Some  of  the  fossils 
that  have  been  described  as  flowers  are  conjectured  to  be 
bodies  of  this  kind,  broken  transversely,  in  which  state  the 


Vmm.  m.— PABT  OF  ▲  LBAV 
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*  See  also  Quart.  GeoL  Journ.  vol.  rii.  p.  179 ;  and  Medals  ( 
tioo,  Tol.  i.  p.  152. 
f  Petriiactioiis.  p.  55. 
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Bcales  may  be  mistaken  for  petals,  and  the  fractured  axis  for 
the  stamen  and  pistillum. 


LieK.  133.— Fbtjit  or  a  OrcxDAcsors  Plant  ntoM  SCABBOsouon. 

The  ic«ds  are  concealed  bj  the  Icafleta. 
(ZamtM  lametolaitu.J 

22.  CoLLTWESTON  TiLESTOKEB. — Near  Stamford,  in  Lin- 
cohishire,  the  lowermost  visible  strata  are  Lias-clajs,  upon 
which  are  spread  the  ferruginous  beds  of  the  Inferior  Oolite ; 
and  above  are  beds  of  laminated  calcareous  stone,  locallj 
termed  the  "  CoUyweston  slates,"  from  being  quarried  in 
that  neighbourhood.*    These  deposits,  therefore,  appear  to 

*  See  Quart  Journ.  Geol.  Soc.  toI.  iz,  p.  335. 
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occupj  the  same  geological  position  as  the  Stonesfield  tile- 
ftoiie  of  Oxfordshire  and  of  the  Cotteswold  hills,  and  con- 
tain similar  marine  shells.  They  are  associated  with  marly 
limeatoDe.  The  fossils  are  shells  of  the  genera  Pteroeeraa^ 
NerkuBo^  Lucina^  ModwlOf  Trigonia^  ^.,  with  numerous  frag- 
ments of  the  leaves  of  ferns  (especially  of  FeeopterU  pok/p<h 
dioideg),  and  of  cycadaoeous  plants.  These  heds  have  heen 
regarded  by  Captain  Ibbetson  and  Mr.  Morris  as  the  equi- 
Talents  of  the  carbonaceous  shales  of  Scarborough  and  Oris- 
thorp  Bay ;  in  &ct,  as  the  seaward  extension  of  those  fluvio- 
marine  sfsrata.  Those  of  Stonesfield  appear  to  have  been 
synchrononSy  but  deposited  still  farther  from  land. 

23.  CojLL-BBABoro  Oolite  or  Broba. — Carbonaceous  flu- 
Tio-marine  deposits  of  a  similar  character  to,  and  of  the  same 
Lower  Oolite  age  as,  those  above  described  occur  in  the 
north  of  Scotland.*  At  Brora,  on  the  south-east  coast  of 
Sutherlandshire,  intercalated  between  the  Middle  or  Oxford- 
ian  Oolites  and  the  Lias,  there  is  a  series  of  deposits  consist- 
ing o^  1st,  shelly  limestones,  representing  the  Combrash  and 
Forest-marble ;  2.  sandstones,  shale,  and  ironstone,  with  re- 
mains of  land-plants ;  8.  shelly  limestone  with  fossil  wood ; 
4.  sandstone  and  shale  with  plant-remains,  and  containing 
towards  the  top  two  beds  of  coal.  In  the  neighbourhood  of 
Elgin  also,  and  on  the  north-east  coast  of  the  Isle  of  Skye, 
shales  and  sandstones  with^pressions  and  remains  of  simi- 
lar plants  are  met  with,  superimposed  on  the  Lias.f 

The  fossil  plants  are  for  the  most  part  of  the  same  type 
as  those  of  Yorkshire,  and  are  associated  with  fresh-water  or 
brackish  water  shells  of  the  genera  OycUu  or  Ckfrena,  Uhio^ 
and  FaUtdina,  TBlUna  and  Fema  have  also  been  found ;  and 

*  For  a  general  view  of  the  geological  phenomena  of  Scotland,  the 
leader  is  Teferred  to  the  instnictiTe  little  Tolume  by  Prof.  James  Nicol, 
SBtitled,  A  Guide  to  the  Geology  of  Scotland,  1844. 

t  Sir  R.  Murchison,  Geol.  Trans.  2  ser.  toI.  il.  p.  293;  Mr.  Robert- 
•OQ,  Geol.  Proceed.  toI.  it.  p.  173,  and  Geol.  Jouin.  vol.  iii.  p.  113;  aiid 
Prof.  B*  Forbes,  GeoL  Joum.  ril  p.  107. 
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O/prida  (p.  419)  occur  in  profuaion.  Scales  and  teeth  of  nu- 
merous small  ganoid  fishes,  of  genera  common  in  the  Oolite' 
{Hyhodwy  LepidotuSy  and  Acrodus)^  abound  in  some  of  the 
layers  of  day :  fragments  of  plates  and  bones  of  Chelonians 
are  among  the  few  reptilian  relics  hitherto  observed. 

These  coal-bearing  deposits  have  evidently  had  the  same 
origin  as  those  of  north-eastern  Yorkshire,  where  Uniones 
and  Cypridffi  are  associated  with  Ferns,  Zami®,  Thuyites, 
and  other  terrestrial  plants.  Taken  as  a  whole,  the  fluvio- 
marine  intercalations  of  the  Oolite  must  be  regarded  as  local 
accumulations  of  the  spoils  of  the  land,  transported  into  the 
sea  by  the  agency  of  rivers ;  the  presence  of  coal  depending 
on  the  streams  being  largely  charged  with  vegetable  re- 
mains ;  or  perhaps,  in  some  cases,  to  the  subsidence  and 
covering  up  of  swamps  and  lagoons  rich  with  vegetable 
growths.  They  belong  to  a  period  long  antecedent  to  the 
deposition  of  the  Wealden,  which  was  subsequent  to  the 
formation  of  the  upper  Oolites. 

24.  Jurassic  Coal-field  of  Eastern  ViROiiaA. — One 
of  the  most  remarkable  features  in  the  geology  of  the  United 
States  of  North  America,  as  contrasted  with  that  of  Europe, 
consists  in  the  absence  of  deposits  yielding  Jurassic  fossils 
such  as,  throughout  large  tracts  in  England  and  Europe,  re- 
present the  vast  interval  of  time  that  must  have  elapsed  be- 
tween the  dose  of  the  Triassic^and  the  commencement  of 
the  Cretaceous  epoch.  Some  time  since,  it  was  suggested 
by  Professor  W.  B.  Bogers,  that  an  extensive  coal-iield  in 
Eastern  Virginia*  belonged  to  the  Jurassic  period ;  and  Sir 
C;  Lyell  coincides  in  this  opinion.  This  coal-field  is  about 
twenty  miles  from  north  to  south,  and  from  four  to  twelve 
miles  in  breadth  from  east  to  west.     It  is  situated  in  a 

*  There  are  two  coal-fields  in  the  State  of  Viiginia;  the  remarks  in 
the  text  exclusively  refer  to  the  Eastern  coal-field, — that  near  Richmond ; 
the  coal-measures  in  Western  Virginia  belong  to  the  ancient  Carbonifer- 
ous system. 
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granitic  region,  and  the  lowermost  bed  of  coal  rests  upon 
granite.  Quartzose  grits,  sandstones,  and  shales  are  inter- 
calated with  the  coal,  as  in  the  carboniferous  system  of 
Europe.  Beds  of  rich  bituminous  coal,  one  being  in  some 
places  firom  thirty  to  forty  ieet  thick,  occur  in  the  lower 
division.* 

The  foB^  plants  resemble  those  of  the  Oolite  of  York- 
shire (PeeopterU  Whithiensis^  JSquisetum  eolumnare,  some 
species  of  Zamitetj  Taniopteris,  NeuropterU,  &c.),  differing 
specifically,  and  most  of  them  genericaUy,  from  those  of  the 
older  coal-formations.  From  the  upright  position  of  many 
of  the  Equiseta,  Sir  C.  Lyell  infers  that  the  yegetables 
which  produced  the  coal  grew  on  the  spot  where  thej  are 
now  found,  and  that  the  Btrata  were  formed  during  alternate 
subsidences  and  elevations  of  this  part  of  Virginia.  They 
contain  fossil  fishes  {Tetragonolepis  and  Gafopterus^)  related 
to  European  Liassic  species;  and  numerous  Q/prida  and 
£ttheruPy  the  latter  of  which,  under  the  name  of  Fosido- 
fNHHy<0,  are  characteristic  of  some  strata  of  the  European 
Trias.  Prof.  Bogers  finds  reasons  to  regard  this  coal-field 
of  Esstem  Yirginia  as  belonging  to  the  same  series  of  de- 
posits as  the  red  sandstones  and  coaly  shales  of  Carolina  to 
the  South,  and  of  Maryland,  New  Jersey,  and  Connecticut, 
to  the  North.  These  beds  are  characterized  by  the  local 
occonrenoe  oi  EdheruB  and  Gyprida,  reptilian  bones,  and 
plant-remains ;  and  in  Connecticut,  by  numerous  impres- 
sions of  supposed  birds'  tracks.  They  have  been  variously 
referred  to  the  Trias  and  the  Permian  series ;  but  probably 
more  or  less  fully  represent  in  time,  as  extensive  land  and 

*  Plani'beds  and  coal  of  similar  characters  as  the  above  have  been 
found  near  the  Rocky  Mountalna,  at  Raton  Mountain  and  Muddy 
hiTer. 

t  Sir  P.  Egerton's  genus  Dictyopyge  consists  of  some  of  Mr.  W.  C. 
Redfield's  Ctutopteri,  See  SiUiman*s  Journal,  1856,  vol.  xxlL  p.  357, 
and  GeoL  Soc.  Journal,  toI.  iii.  p.  275. 
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fresh-water  formations,  the  Upper  Trias  and  Lower  Jurassic 
periods.* 

In  India  and  South  Africa,  and  probably  in  Australia, 
similarly  characterized  deposits,  possessing  both  Triassic 
and  Jurassic  elements,  are  recognized.f 

In  the  Chatham  coal-field  (North  Carolina),  of  this  age, 
Dr.  Emmons  X  has  discovered  some  lower  jaws  of  a  small 
species  of  mammal,  which  he  has  named  Dramatherium 
sylvestre.  They  much  resemble  some  of  the  little  marsu- 
pial jaws  frt)m  Stonesfield  and  Purbeck.  Pr.  Emmons  has 
also  figured  and  described  §  a  fossil  sacrum  of  a  bird  from 
the  same  series  of  deposits, — referred  by  him  to  the  Per- 
mian Age. 

26.  The  Lias. — The  lowermost  group  c^  the  Oolitic  or 
Jurassic  system,  termed  the  Lias,  consists  of  stratified 
blue  and  grey  marls,  clays,  and  limestones,  amounting  in 
total  thickness  to  from  five  hundred  to  one  thousand  feet, 
and  abounding  in  many  peculiar  fossils.  The  principal 
lithological  features  are  the  uniform  aspect  and  distinctly 
stratified  character  of  the  limestones  and  intervening  argil- 
laceous layers;  the  most  constant  subdivisions  are  those 
mentioned  in  the  table,  J  p.  490. 

*  The  Wealden  may  in  like  manner  be  said  to  be  the  equivalent  of 
the  Upper  Jurassic  and  Lower  Cretaceous  series. 

t  See  Mr.  T.  R.  Jones's  remarks  on  this  subject  in  the  Geol.  Soc. 
Joum.,  Tol.  xii.  p.  376. 

t  American  Geology,  part  ri.  p.  93,  1857. 

§  Ibid.  p.  148. 

I  In  1856  Dr.  T.  Wright,  of  Cheltenham,  published  in  the  Quarterly 
Journal  of  the  Geological  Society  a  paper,  to  show  that  the  sands 
usually  referred  to  the  Inferior  Oolite  in  the  West  of  England  contain 
fossils  of  the  Liassic  type,  and  should  be  classified  as  with  Lias,  and  not 
with  the  Lower  Ooliie.  Although  Mr.  Hull,  of  the  Geological  Surrey, 
has  accepted  Dr.  Wright's  views,  and  carried  them  out  in  his  description 
of  the  geology  of  the  country  around  Cheltenham  (Memoirs  Geol. 
Survey,  1856),  yet  there  are  too  many  dissentients  to  these  views 
amongKt  experienced  geologists,  and  too  many  openings  for  criticism  in 
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It  inaj  be  stated  in  general  tenns,  that  the  Lias  of  Eng- 
land extends  along  the  western  escarpment  of  the  Oolite, 
from  Torkahire  to  the  Dorsetshire  coast,  forming  a  district 
vhich  presents  an  exceedingly  variable  surface,  occasioned 
bj  the  disruption  and  subsequent  denudations  which  the 
strata  have  undergone. 

Hie  laaSy*  from  its  northernmost  limits  on  the  Yorkshire 
coast,  where  it  underlies  the  strata  of  the  Eastern  Moor- 
lands,t  passes  to  the  south  of  Whitbj  and  to  the  east  of 
York,  and  crosses  the  Humber  near  the  junction  of  the 
Trent  and  Ouse ;  stretching  onward  beneath  the  low  Oolitic 
range  of  Lincolnshire,  it  extends  to  the  Wold  hills,  on  the 
borders  of  Nottingham  and  Lincoln,  to  Barrow-upon-Soar ; 
whence  it  continues,  accompanying  the  escarpment  of  the 
Inferior  and  Great  Oolite,  through  Nottingham,  Warwick, 
and  Gloucester.    Its  whole  course,  to  within  a  few  miles 
soath  of  Gloucester,  is  remarkably  regular,  presenting  an 
arerage  breadth  of  about  six  miles,  bounded  on  the  south- 
west by  the  Oolite,  and  on  the  north-west  by  the  Bed  Marl, 
whidi  will  hereafter  be  described.    Beyond  Gloucester,  its 
range  becomes  intricate ;  its  eastern  limit  accompanies  the 
Oolite  through  Somersetshire  to  Lyme  Begis;    but  the 
western  is  very  irregular,  feathering  in  and  out  among  the 
eoal-fields  which  occur  towards  the  estuary  of  the  Severn 
and  the  upper  part  of  the  Bristol  Channel,  Gloucestershire, 
Somersetshire,  Monmouthshire,  and  Glamorganshire,  and 
attended  with  numerous  outlying  or  detached  masses.    To 
render  the  course  and  position  of  the  Lias  in  this  part  of 
England  intelligible,  it  is  necessary  to  state,  that  this  dis- 

Dr.  Wright's  argnmento,  to  allow  of  oar  altering  the  present  classifica- 
tioo  of  these  beds,  which,  thon^  possibly  passage^beds,  and  partaking 
of  the  chaiacteis  of  the  two  series,  hare  too  much  in  common  with  the 
Oolite  to  be  separated  from  it. 

*  Outlines  of  the  Geology  of  England  and  Wales,  p.  261. 

t  In  the  Lias  of  the  Eske  Valley  there  are  two  great  beds  of  iron- 
stone, which  are  cxtensiTely  worked. 
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trict  is  occupied  by  three  great  basiiiB  of  the  coal-formation, 
encircled  bj  the  underlying  Mountain-limestone  and  De- 


Southo/Malmejibury. 
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Lion.  lsi^-«KCTioif  f&ox  south  or  Mauibsbvbt  tbsovoh  tks  MufDip  hills. 

1.  Uoiuitain-llmeitoii«,OTtri7l]if  Daroaianroclu.  1.  MUlstone-grlt,  underlying  the  coal-beds. 

S.  TiiiMle  aad  Pamlan  itnu.   4.  LUa.    S.  inferior  Oolite.    6.  Great  OoUte. 

7.  Oxford  day. 

(Ffm  (A«  (hOon  o/Xngla»d  and  WoUtJ^ 

vonian  sandstones ;  one  of  these  basins  is  shown  in  the  an- 
nexed section. 

The  edges  of  these  basins  consist  of  strata  thrown  up  at 
a  high  angle,  and  often  nearly  vertical,  forming  bold  and 
precipitous  ranges  of  hills  ;  in  the  valleys,  horizontal 
layers  of  Lias,  with  subjacent  beds  of  red-marl  {Lign,  124), 
are  seen  lying  unconformably  upon  the  highly  inclined  coal- 
measures.  I  shall  recur  to  this  subject  hereafter,  and  now 
only  observe,  that  the  Lias  appears  beneath  the  Oolite 
through  the  south-east  of  Somersetshire,  and  passes  into 
Dorsetshire,  where  the  overlying  Greensand  conceals  it  be- 
neath the  high  range  of  the  Black  Down  Hills. 

At  Lyme  Eegis  it  forms  a  range  of  cUffs,  about  four  miles 
in  length,  and  may  be  traced  until  it  gradually  sinks  be- 
neath the  Inferior  Oolite  of  Bridport.  The  skeletons  of 
large  marine  reptiles  {IcIUhyotawri  and  Plesiotaurt),  for 
which  the  Lias  is  celebrated,  have  principally  been  found  in 
the  cliffs  at  Lyme,  Watchett,  Westbury,  and  Whitby,  where 
the  natural  sections,  formed  by  the  action  of  the  waves,  well 

*  The  inclination  of  the  strata  is  very  much  exaggerated  in  this  dia- 
gram, in  consequence  of  the  difference  in  the  horizontal  and  vertical 
scales,  necessarily  adopted  to  comprise  the  section  in  a  small  space. 
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displAj  the  chaiacten  of  the  strata,  and  afford  abundance  of 
fosnl  lemainB.  The  Lias  appears  in  the  Western  Isles  of 
Scotland,  and  on  the  north-east  coast  of  Ireland.  The 
Upper  Lias  comprises  a  thin  band  of  limestone,  rich  with 
remains  of  insects  and  fish,  which  has  been  traced  from 
Somenetshire  and  Qloncestershire  into  Northamptonshire 
and  Lincolnshire.* 

In  the  north  and  south-east  of  Prance,  and  over  a  large 
area  in  Oermanj,  the  Lias,  with  its  peculiar  fossils,  accom* 
panies  the  Oolite.  One  species  of  Qryphite  {Ghyphaa  in' 
emrvay  Xiyn.  117,^.  6),  which  is  so  abundant  in  the  Liassic 
strata  of  England,  on  the  Continent  forms  a  limestone  {Cal- 
caxre  a  gryphites)y  which,  like  the  Sussex-marble  and  many 
other  such  rocks,  is  composed  of  shells  cemented  together 
bj  a  calcareous  paste.  In  Wirtemberg  the  Lias  presents  the 
usual  characters  of  that  of  England,  and  contains  remains  of 
Ichthyoeaurs  and  other  reptiles.f 

In  the  valley  of  the  Arve,  in  Switzerland,  the  Lias-clays 
are  of  g;reat  thickness,  and,  owing  to  the  ancient  effects  of 
igneous  or  metamorphic  agency  everywhere  apparent  in  the 
Alps,  have  a  schistose  character,  strongly  assimilating  them 
to  the  primary  slates. 

In  Bussia  oolitic  deposits  cover  detached  districts,  from 
the  Icy  Sea  to  the  Caucasus  in  the  south ;  and  in  Eussia 
Proper  there  are  shales  and  sands  referable  to  the  Middle 
or  Oxford  Oolite ;  a  characteristic  species  of  ammonite  {A. 
hiplex)  of  the  Portland-rock  has  been  found  both  in  Eussia 
and  Poland.  In  the  Himalayas  and  Central  India  argil* 
laceous  beds  occur  which  contain  fossils,  which  have  been 
regarded  as  analogous  to  those  of  the  Lias  of  Europe. 

Bone^bed,  —  At  the  base  of  the  Lias,  and  separating  the 

*  By  HesRS.  C.  Moore,  Bmfield»  MorriB,  and  Brodie :  Medals,  vol.  ii. 
p.  549.    Annals  N.  H.  2  ser.  toI.  xix.  p.  56. 

t  See  Dr.  Jaeger's  work,  Ueber  die  fossilen  Beptilien,  welche  in  Wiir- 
temberg  aufgefunden  worden  sind.  Stattgard,  1828. 
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lower  sliales  and  limestones  from  the  uppermost  Triassic 
bed  beneath,  there  is  a  layer  of  coarse  detritus,  a  few  inches 
thick,  commonlj  known  as  the  Lia8  Bone-bed*  from  the 
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immense  quantities  of  water-worn  bones,  teeth,  and  copro* 
lites  of  fishes,  which  it  contains.  It  is,  in  fact,  an  aggrega- 
tion of  mud,  sand,  and  the  debris  of  fishes  and  reptiles. 
Teeth  of  fishes  of  the  genus  Ceratodue  (Med.  Great,  p.  587), 
are  very  frequent  in  this  bed.  Aust  Cliff,  on  the  Severn, 
near  Westbury,  in  Somersetshire,  is  a  well-known  locality 
for  the  fossils  of  this  remarkable  deposit.  By  some  geolo- 
gists this  bone-bed  is  included  in  the  Trias,  and  by  others 
in  the  Lias.  A  similar  stratum  occupies  the  same  geologi- 
cal position  in  Germany,  and  contains  organic  remains  of  a 
like  nature. 

*  Another  "bone-bed"  occurs  in  the  Upper  Ludlow  series  (GeoL 
Joum.  vol.  xi.  p.  8) ;  and  fish-remains  are  almost  as  abundant  in  a 
portion  of  the  Mountain-limestone  (at  Clifton  and  Armagh),  and  in  the 
luferior  Oolite  at  Leckhampton  HiU.  (See  Quart  Geol.  Joum.  vol.  Tii. 
p.  211.) 
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Considerable  interest  is  attached  to  the  exact  determina- 
tion of  the  extent  of  this  ''  bone-bed,"  and  its  associated 
strata,  from  Enghmd  to  the  Eastern  Alps.  In  the  west  it 
appears  to  have  been  a  comparatively  shallow-water  deposit ; 
but  towards  the  east  it  is  imbedded  in  other  fossiliferous 
strata  that  were  evidently  deposited  in  a  deeper  sea.  These 
shell  J  beds  form  part  of  the  series  termed  "  Koessen-strata*' 
bjT  the  Austrian  geologists,  and  without  doubt  belong  to  the 
Upper  Trias.  A  bone-bed,  similar  to  that  underlying  the 
English  Lias,  occurs  near  Stuttgard,*  and  certain  sandstone 
stzata  there  accompanying  it  are,  according  to  Messrs.  Oppel 
and  Suess,  the  littoral  equivalents  of  the  marine  "  Koessen- 
strata,"  so  well  developed  in  the  Eastern  Alps,  and  charac- 
teriaced  to  the  eastward  of  Vienna,  in  the  Austrian  Salinar 
district,  and  even  partly  in  the  Alps  of  Tyrol  and  Bavaria, 
by  numerous  remains  of  marine  animals,  especiaUy  of  Bra- 
ehiopods  and  Oysters.  In  the  Yorarlberg,  these  forms  begin 
to  disappear,  giving  place  to  Pecten  Yaloniensis,  Cardium 
Bhsticum,  Card.  Austriacum,  and  other  pectinibranchiates, 
indicative  of  a  diminution  of  the  depth  of  the  old  sea  there. 
Beyond  the  overlying  strata  of  more  recent  date,  and  along 
the  shores  of  that  prinueval  sea,  these  deposits  have  assumed 
quite  a  littoral  character ;  Oysters  aud  Brachiopods  having 
totally  disappeared,  and  the  peotinibranchiate  molluscs, 
■ach  as  occur  in  these  beds  in  the  Yorarlberg,  and  some 
new  species,  being  predominant  in  the  fossil  fauna.  Hence 
it  is  concluded  that  the  "  Koessen-beds  "  are  contemporane- 
ous with  the  ossiferous  strata  or  bone-beds,  the  existence  of 
which  may  be  traced  for  a  great  distance,  from  the  South- 
west of  Germany  to  France  and  England. 

*  The  Stottgard  ** bone-bed"  is  famous  for  having  yielded  some 
miniite  teeth  of  a  Mammalian  animal  (Lyell's  Manual  of  Geology,  1855, 
p.  343.  and  Supplement,  1857).  This  will  be  noticed  in  the  chapter  on 
the  Trias,  the  Stuttgard  deposiU  having  been  referred  to  that  form- 
ation. 
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26.   OsaAiriO    EBMiJKB    07    THE     JUBABSIO    StBTSM. — 

The  fossils  discovered  in  the  Oolitic  and  Liaasic  strata 
amount  to  manj  hundred  species,*  and  it  is  impossible  in  a 
work  of  this  nature  to  give  but  the  briefest  summary  of 
these  organic  remains ;  it  must  suffice  to  offer  a  few  general 
remarks  on  the  nature  of  the  fauna  and  flora  of  the  sea 
and  land  during  the  vast  period  of  time  which  the  accumu- 
lation  of  sediments  of  such  extent  and  thickness  must  have 
required. 

Vegeiahle  remains, — Some  species  of  fucoidal  plants  and 
upwards  of  a  hundred  species  of  terrestrial  vegetables  have 
been  determined  from  the  Jurassic  rocks  of  Britain.  The 
latter  consist  of  ferns,  cycadaceous  plants,  and  coniferoua 
trees ;  constituting  a  flora  analogous  to  that  which  now  pre- 
vails in  the  maritime  districts  of  the  West  Indies,  New 
Holland,  and  the  Cape  of  Qt)od  Hope,  &c.  A  large  species 
of  plant  allied  to  the  recent  Marestail  (JEquUetites  eolum- 
naris)  is  abundant  in  the  coal-bearing  Oolite ;  and  in  York- 
shire so  many  of  these  plants  occur  in  an  erect  position  that 
it  is  supposed  they  must  have  grown  on  the  spots  they  now 
occupy :  we  shall  recur  to  this  fact  hereafter. 

One  of  the  most  remarkable  fossil  vegetables  discovered 
in  this  formation  in  England  is  the  fruit  of  a  tree  {Fodo- 
earya  Bucklandi,  Unger)  allied  to  the  Pandanus  or  Screw- 
pine,  from  the  lower  Oolite  of  Charmouth  in  Dorse tshire.f 

Fragments  of  trunks  of  coniferous  trees  of  the  Araucarian 
type  are  found  throughout  the  Jurassic  formation ;  and,  as 
we  have  already  stated,  the  last  bed  of  the  Oolite,  when 

*  The  student  is  referred  to  Prof.  Phillips*  tables  of  fossils  in  the  Ency- 
clopaedia Metrop.,  art.  Geology,  to  Sir  H.  De  la  Beche's  Manual  of  Geo- 
logy, and  to  Mr.  Morris's  British  Fossils,  for  lists  of  the  fossils  found  in 
the  British  Oolite  and  Lias ;  and  to  the  beautiful  work  on  the  organic 
remains  of  the  "  Terrains  Jumasiquet,"  by  M.  D'Orbigny.  See  also 
Medals  of  Creation. 

t  Dr.  Buckland's  Bridgwater  Treatise,  toI.  U.  pi.  63. 
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elerated  aboYe  the  waters,  was  clothed  with  pine-forests 
(vol.  i.  400). 

Hie  quantity  of  drift-wood  in  a  carbonized  state,  but  not 
conrerted  into  coal,  is  very  considerable  in  the  argillaceous 
strata.  In  the  Oxford-clay,  at  Trowbridge,*  masses  of  wood 
occur  in  abundance ;  oysters,  terebratulffi,  and  other  shells 
are  often  adherent  to  the  fragments  of  trunks  and  branches 
of  trees,  which  have  evidently  been  drifted  from  a  distance 
into  the  bed  of  the  sea.  Much  of  this  wood  is  soft  and 
flexible  when  first  exposed,  and,  when  dry,  bums  with  a 
bright  flame.  In  the  Lias  of  Whitby,  Lyme  Begis,  and 
otiier  localities,  the  wood  is  often  calcareous,  and  admits 
of  a  fine  polish  :  occasionally  silicified  masses  are  met 
with-t 

27.  ZooPHTTA  AJSTD  Badiabia. — Of  corals  and  moss-corals 
numerous  Jurassic  species  abound.  The  reefs  of  coral  con- 
stituting the  Coral-rag  hare  already  been  alluded  to.  In 
some  parts  of  Germany  coralline  Oolites  are  largely  de- 
veloped, and  all  the  corals  are  silicified  in  certain  localities ; 
this  is  especially  the  case  between  Nattheim  and  Heiden- 
heim4  whence  exquisite  specimens  of  AxtrcBa^  Lithodendron, 
Ac.  have  been  obtained. 

In  the  beds  of  chert  in  the  Oolite  of  Tisbury  in  "Wilts, 
shells  and  corals  are  found  in  a  beautifully  silicified  state, 
particularly  a  species  of  Isastnta  (J.  TUhuriensis).  Large 
silicified  masses  of  this  coral  are  met  with,  which,  on  being 
cot  and  polished,  display  the  intimate  structure  of  the  ori- 
ginal, and  form  an  ornamental  material  for  the  jewellers  and 
lapidaries.  A  matchless  specimen  of  the  soft  parts  of  a 
Trigania^  tnmsmuted  into  silex,  was  obtained  from  Tisbury 
by  the  late  Miss  E.  Benett,  and  is  now,  with  the  greater 

•  See  above,  p.  500. 

f  Beaatiful  specimens  of  the  fossil  wood  and  plants  from  the  Lias  aiid 
Oolite  are  exhibited  in  the  British  Museum.    Pelirifact  Chap.  I. 
X  GeoL  Soc  Joum.  vol.  vii.  part  2,  p.  71. 
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part  of  the  collection  of  that  ladj,  in  the  possession  of  "^r, 
Wilson  of  Philadelphia.* 

The  Crinoidea,  or  lilj-shaped  animals,  are  also  abundant, 
and  are  often  found  in  an  admirable  state  of  perfection. 
Whole  slabs  of  many  of  the  Lias-shales  are  covered  with 
Pentacrinites,  frosted  with  brilliant  pyrites,  and  lying  in  re- 
lief on  the  stone,  as  if  spread  out  on  the  sea-sand.f 

Of  the  Echinoidea  upwards  of  seventy  species,  and  of 
Star-fishes  nearly  twenty  genera,  comprising  many  species, 
have  been  determined  from  the  British  Oolites.}  Some 
splendid  Star-fishes  from  the  Yorkshire  Oolite  and  Lias  are 

figured  in  Charlesworth's 
London  Geological  Jour- 
nal, pi.  17  (Astropecfen 
arenicola),  and  pi.  19,  20 
{Pphiodermata), 

28.  MoLLTJSCA.  —  The 
shells,  both  of  testaceous 
and  conchiferous  mol- 
luscs, amount  to  many 
hundred  species.  Of  the 
Cephalopoda,  as  Nautili, 
Ammonites,  Belemnites, 
&c.,  several  hundred  spe- 
cies, belonging  to  numer- 
ous genera,  have  been  figured  and  described.  § 

The  state  of  perfection  in  which  the  animals  allied  to  the 
Cuttle-fish  occur  in  the  Lias,  and  also  in  the  clays  of  the 

*  Figures  and  a  description  of  this  extraordinary  British  fossil  hare 
been  given  by  Mr.  Charlesworth  in  the  London  Geological  Journal. 

t  See  Petrifactions,  &c.,  p.  88. 

X  Dr.  Wright's  Monograph,  published  by  the  Paleontographical  So- 
ciety, 1856,  furnishes  a  careful  and  lucid  history  of  the  Jurassic  Echino- 
derms  of  Britain. 

}  See  Sowerby's  Mineral  Conchology,  and  the  works  before  referred 
to. 
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Oolite,  especially  in  the  Oxford-claj  of  Wiltshire,*  is  most 
eitraordinaiy.  The  soft  part  of  the  body  and  arms,  the  cap- 
sule of  the  globe  of  the  eye,  and  the  ink-bag  still  retaining 
its  inspissated  secretion,  are  often  found  in  their  natund  posi- 
tion, and  distinctly  recognisable.  This  state  indicates  a  rapid 
imbedding  of  the  animals  while  in  their  natural  element.f 

29.  Cbustaceans  akb  Insects. — Numerous  genera  of 
Cnutaoeans  and  Insects  have  been  collected  from  the 
Junssic  depositB :  the  museum  of  the  late  Count  M'dnster 
WW  celebrated  throughout  Europe  for  the  magnificent  series 
of  remains  of  this  kind  which  it  contained. 

Species  allied  to  the  Shrimps,  Prawns,  Lobsters,  and 
Crabs  have  been  found  in  great  perfection  at  Soleuhofeu, 
Pappenheim,  &c, ;  an  extinct  form  {Eryan  CuvieriX),  and 
wmeldmuU,^  occur  in  an  exceedingly  perfect  state ;  and 
imall  bivalved  Entomostraca  are  not  rare  in  some  beds^ 
though  as  yet  they  are  imdescribed. 

A  fine  fossil  Dragon-fly,  from  Solenhofen,  in  the  cabinet 
of  the  Marquess  of  Northampton,  is  figured  in  Medals  of 
Creation  (vol.  ii.  p.  551) .  In  England,  the  Coal-measures,  Lias, 
Stonesfield-slate,  Forest-marble,  and  Wealden  have  yielded 
fossil  insects.  Among  the  specimens  found  in  the  Lias,  is  a 
wing  of  a  very  large  Dragon-fly,  which  closely  resembles  the 
recent  species  in  the  general  arrangement  of  the  nervures,  and 
appears  not  to  be  separable  from  the  genus  .^hna  {Lign» 
127).  Jn  this  fossil  an  opaque  spot  (a)  exists  on  the  anterior 
margin  of  the  wing,  as  in  most  of  the  living  Libellulidae. 

Mr.  Brodie  has  figured  and  described  numerous  fossil 
ioBects  from  the  Oolite  and  Lias  of  England,||  comprising 

*  See  the  London  Geological  and  Paleontological  Journal,  No.  2, 
PI-  XV.  XVI.,  for  figares  of  some  remarkable  specimens  in  the  lat«  Mr. 
Clttnmng  Pearce's  cabinet. 

f  See  Dr.  Buddand's  Bridgwater  Treatise,  for  czquisite  figures  of  the 
shells  snd  soft  parts  of  Cephalopoda. 

:  Medals,  iL  p.  520.  §  Ibid.  p.  522. 

(  History  of  Fossil  Insects  (1845),  p.  :ut.  In  this  work  will  be  found 
2  M 
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Coleoptera,  Neuroptera,  Hemiptera,  and  Homoptera.  The 
wings  of  inseets  allied  to  the  recent  genus  Panorpa  hare 
been  found  in  the  Lias  of  Wainlode  Cliff,  on  the  banks  of 
the  Severn.* 


LiGX.  1S7.— FOMif  Wixo  or  A  ftPKciM  OF  D  :AOO!r-rLT;  rs  <M  rwM  Uas  or  RiDiosn, 

WaRVICKBHIKB.     ^Nat.  tiuj 
ff,  Kpot  oa  tke  mancla  of  the  win  :. 
(JEtkma  Li4i»una,  tf  JTr.  Sir  cklam  tj 

The  several  hundred  specimens  of  fossil  insects  that  have 
been  discovered  in  the  Lias  belong  nearly  all  to  forms  that 
inhabit  temperate  climates,  and  present  a  remarkable  affinity 
to  existing  families ;  so  that  in  one  instance  only  has  Mr. 
Westwood,  the  distinguished  entomologist,  ventured  to  pro- 
pose a  new  generic  nam  X  ^^  same  fact  of  the  close  re- 
lationship of  the  fossil  to  the  recent  types  of  Insecta  holds 
good,  with  but  one  or  two  exceptions,  in  the  case  of  the 
insects  from  the  Purbeck  beds. 

30.  Fishes. — All  the  Fishes  of  the  Oolite  are  referable  to 
extinct  genera,  and  essentially  differ,  as  a  whole,  from*  those 

an  account  of  the  localities  in  which  insect-remains  had  been  at  that 
time  discoTered  in  the  secondary  rocks  of  England.  See  also  Dr.  Buck- 
land's  Bridg.  Treatise ;  and  Medals  of  Creation,  vol.  ii.  p.  547,  &c. 

*  See  Medals  of  Creation,  vol.  ii.  p.  553. 

t  Mag.  Nat.  Hist.  vol.  iv.  p.  301.  See  Nova  Acta  Car.  Leop.  Acad, 
vol.  zix.  part  1,  for  Germar's  fossil  InsecU  from  Solenhofen. 

X  Mr.  Strickland,  on  the  results  of  recent  researches  into  "the  fossil 
insects  of  the  secondary  formations  of  Britain :  Brit.  Assoe.  Reports  for 
1845.  p.  58. 
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of  the  cretaoeons  epoch.  Teeth,  scales,  dorsal  spines,  and 
other  remains  of  Hyhoduty  Acrodui,  AtieracaiUhui,  Ganodus, 
E%gnatku9y  FaehfeormuM^  Pyenodui^  JSchmodus,  Lepidotus, 
and  Pholidopkonu  are  abundant  in  some  of  the  strata.* 

Among  the  Ichthjolites  that  prevail  in  the  Lias,  the 
sesles  and  teeth  of  a  genus  of  Ganoids  called  Dapedius 
ire  espedallj  abundant,  and  entire  specimens  of  the  fish 
are  often  met  with.  I  am  led  to  notice  this  genua  more 
particularly,  that  your  attention  may  be  directed  to  a  re- 
markable modification  of  structure  observable  in  the  Ich- 
thyolites  of  the  more  ancient  deposits,  which  will  here- 
after come  under  our  examination.  The  Dapedius  belongs 
to  that  diTision  of  the  Lepidaidi  which  are  homoeereal  (equal* 
tailed)  or  nearly  so  ;t  while  all  the  genera  from  the  palso- 
loic  strata  are  keieroeerealj  or  having  tails  with  unequal 
lobes.^  But  few  of  the  existing  genera  of  fishes  have  this 
latter  condition  of  the  caudal  fin,  while  it  is  found  in  almost 
efery  fossil  species  below  the  Triassic  depositB.§ 

31.  BxPTiLSS  OF  THE  JuRABSio  STSTEH. — The  preva- 
lence of  animals  of  the  reptilian  class  during  the  Oolitic  era 
vas  incidentally  alluded  to  in  the  course  of  our  previous 
observations  on  the  organic  contents  of  the  different  mem- 
bers of  this  extensive  formation.  From  the  lowermost 
ttntom,  the  Bone-bed  of  the  Lias,  to  the  uppermost  layer 
of  the  Portland-stone,  the  remains  of  extinct  reptiles  have 

*  8ee  Medals  of  Creation,  vol.  ii.  chap.  xir.  xr. ;  and  Petrifactions 
lod  tfadr  Teachings,  chap.  ▼. 

t  It  is  difficult  to  determine  whether  some  of  the  Triassic  and  Liassic 
Lepidoid  fiahei  are  really  homoeereal  or  not  Quart.  Joum.  Geol.  Soc. 
▼ol.  a.  p.  368. 

}  See  Medals  of  Creation,  p.  575;    Petrifactions,  p.  421. 

t  It  is  worthy  of  remark,  that  in  the  embryotic  state  most  fishes  are 
heteroccTcal ;  and  those  species  which,  when  arrived  at  maturity,  have  the 
eqnally-lobed  tail  attain  this  homoeereal  type  in  the  progress  of  their 
development.  For  remarks  on  the  heterocercality  of  the  Salmonide,  Ac, 
•ee  Mr.  Huxley's  obserrations  in  the  "  Notices  of  the  Royal  Instit*** 
1855,  p.  84. 
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been  found  more  or  less  abundantly  in  every  deposit.  About 
forty  species,  belonging  to  several  genera,  have  been  deter- 
mined as  occurring  in  the  Jurassic  strata  of  tbe  British 
Islands.  These  have  been  carefully  investigated  and  de- 
scribed by  Professor  Owen,  in  the  Beports  of  the  British 
Association  for  1840  and  1841,  and  in  the  Monographs  on 
Fossil  British  Beptiles  published  by  the  Palieontographical 
Society.  Cuvier,  Gervais,  Hermann  von  Meyer,  Jaeger, 
Burmeister,  and  Theodori  are  amongst  the  continental 
naturalists  who  have  studied  the  fossil  reptiles.*  As  I  shall 
have  occasion  to  recur  to  this  subject  in  the  sequel,  it  will 
be  sufficient  in  this  place  briefly  to'  enumerate  the  principal 
kinds  hitherto  discovered  in  the  Oolite  and  Lias. 

In  addition  to  the  reptiles  of  which  remains  have  been 
found  in  the  Chalk  and  Wealden,  namely,  the  Megalosau- 
rus  (p.  4t35),  Poecilopleuron  (p.  432),  Cetiosaurus  (p.  427), 
Streptospondylus,  Pterodactylus,  Ichthyosaurus,  Plesiosau- 
rus, — and  of  some  of  these,  especially  of  the  two  last-named 
genera,  numerous  species  abound  in  the  Lias  and  Oolite, — 
several  other  Crocodilian  reptiles,  with  peculiar  osteological 
modifications,  also  occur.  These  are  the  Teleosaurus,  Ste- 
neosaurus,t  Ac.,  which  are  characterized  by  their  long  narrow 
muzzles,  sharp-pointed  teeth,  short  fore-legs,  imbricated 
scales,  and  doubly  concave  or  flat-faced  vertebne :  their  relics 
are  chiefly  found  in  the  Lower  Oolite  and  Lias. 

The  most  remarkable  circumstance  relating  to  the  Ich- 
thyosauri and  Plesiosauri  Jihat  swarm  in  the  Lias  is  the  con- 
nected state  in  which  all  the  bones  of  the  skeleton  occur. 
The  entire  osseous  frame-work,  from  the  extremity  of  the 
snout  to  the  last  vertebra  of  the  tail,  often  remains  entire, 

*  See  Pictet's  PaUoniohgie,  2nd  Edit.  vol.  ii.,  for  a  rSaumi  of  our 
knowledge  of  foesil  reptiles. 

t  See  Medals  of  Creation,  vol.  ii.  p.  679.  These  gaml-Uke  reptiles 
are  represented  amongst  the  other  extinct  animals  by  life-like  models  in 
the  Crystal  Palace  Gardens. 


Ml.  REPTILES  OF  THE  JI7BA8SIC  SYSTEM.  ^33 

or  but  veiy  little  displaced  from  its  natural  position ;  even 
the  bones  of  the  paddles,  with  their  cartilaginous  append- 
ages, are  in  some  instances  preseryed.*  The  indigestible 
portion  of  'the  food  of  these  carnivorous  marine  reptiles  (as 
the  scales,  teeth,  and  bones  of  iishes),  and  their  coprolites, 
ire  frequently  met  with  in  the  abdominal  cavity. f  These 
£icts  show  that  the  carcasses  of  these  animals  were  imbed- 
ded in  the  soft  mud  at  the  bottom  of  the  sea,  without  hav- 
ing been  exposed  to  the  action  of  the  billows,  or  to  long 
transport  by  rivers  or  currents.  The  Wealden  fossils  pre- 
sent a  striking  contrast  in  this  respect ;  for,  although  bones 
of  Plesioeauri  are  by  no  means  uncommon  in  that  formation, 
they  are  isolated  and  generally  vrater-wom. 

In  the  Kimmeridge  Clay,  the  relics  of  a  very  large  marine 
saurian,  allied  to  the  Plesiosaurs,  but  distinguished  by  cer- 
tain osteological  characters,  have  been  met  with :  this  ex- 
tmct  reptile  is  named  Pliosaurus.  Bones  of  Flpng-Saurians, 
or  Pterodactyles,  occur  more  abundantly  in  the  Oolite  and 
Lias  than  in  any  other  series  of  deposits ;  more  than  twelve 
species  have  been  found  in  the  Solenhofen  and  other  Bava- 
rian quarries.  In  the  Stonesfield-slate  the  bones  of  one 
species  (^Pterodaetyltu  Bueklandt),  and  in  the  Lias  of  Lyme 
Begis,  a  considerable  part  of  the  skeleton  of  another  (P.  ma- 
cnmyx),  have  been  discovered.  The  Mammalia  of  Stones- 
field  have  already  been  noticed  (p.  508). 

The  general  character  of  the  Jurassic  or  Oolitic  formation, 
as  derived  from  its  organic  remains,  is  therefore  that  of  a 
series  of  oceanic  deposits,  accumulated  in  a  depression  of 
great  extent,  through  a  period  of  immense  duration.  The 
sea  teemed  with  marine  invertebrate  animals,  belonging  to 
genera  and  species  most  of  which  became  extinct  before  the 

*  See  Medals  of  Creation,  vol.  ii.  p.  669. 

t  Conralt  Dr.  Buckland'e  Bridgwater  TreatiBe,  p.  198;  and  Geol. 
Tiant.  2  ser.  vol.  iii.  p.  223. 
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Tertiary  epoch ;  and  with  these  were  associated  multitudes 
of  peculiar  Fishes  and  Eeptiles.  The  dry  land,  as  attested 
b J  the  remains  drifted  into  the  basin  of  the  sea,  was  inhabit- 
ed by  a  few  reptiles  and  marsupial  mammals,  and  was 
clothed  with  tree-ferns,  cycadeous  plants,  and  coniferous 
trees ;  and  insects,  pterodactyles,  and  possibly  birds,*  flew 
above  its  surface. 

*  The  Rev.  Mr.  Dennis's  microscopical  evidences  (Microscop.  Joum. 
▼ol.  ▼.  p.  63)  only  require  further  patient  investigations  to  substantiate 
the  fact  of  the  existence  of  Birds'  remains  in  the  Stonesfield  slate.  The 
same  observant  naturalist  has  brought  forward  very  probable  evidences 
of  the  mammalian  character  of  some  bones  from  the  *'  Lias  Bone-bed  " 
of  Lyme  Regis  {ibid,  vol.  iv.  p.  261). 


LECTUBE  V 


PART   11. — THE  TKIAS   AND   PEKIIIAN   rOKMATIONS. 

TIM  TrtM  and  PennUo  Formations.  8.  O«ognphlcal  Dbtrlbntlon  of  the  Trias  and 
(traUan.  3.  Bock-itelt  and  Brine-SprtOKs.  4.  Origin  uf  Hock-Salt  and  Gypsum.  5. 
TbsCbcIteaham  Waters.  6.  Conglomerates  of  the  Trias.  7.  Organic  remains  of  the 
Trias.  8.  Croataeea,  HoUnsca,  and  Crinoidea.  9.  Fishes  of  the  Trias.  10.  BepUlea  of 
tke  Triaa.  11.  The  Labjrinthodoa.  12.  The  Bhynchosaarus.  1&  The  Dlcynodon  of 
Afilea.  14.  Foot-prinU  on  stone.  Id.  Omltblchnttes.  16.  Triasslc  MammaL  17. 
ibe  Pennian  SlystenL.  18.  Magnesiaii  limestone  or  Zechsteln.  19.  Permian  of  Oer- 
maay  and  Roasla.  ».  Organic  Remains  of  the  Permian  System.  21.  InvertebraU  of 
tlMFemian.  22,  Ftahesof  the  Permian.  93.  Reptiles  of  the  Permian.  24.  ReptUes. 
%.  Clidioalana  or  Tartlea.  26.  Crocodiles.  27.  Enallo-sauriana  or  Marine  Reptiles. 
IB.  The  Ptosloaannu.  29.  Pterodactyles,  or  Flying  ReptUea.  20.  Ophidians  and 
Batnditeaa.  SI.  Rertow  of  the  Age  of  ReptUes.  82.  Ol^ccUons  considered.  88.  Con- 
ckadlag  Remaraa. 

1.  Ths  Tbias  akd  Pebmiait  Formations. — Beneath  the 
Lias  there  is  a  series  of  strata,  manj  hundred  yards  in  total 
thickness,  which  was  formerly  known  in  geology  aa  the 
New  Red  Sandttane  Jbrmalum,  and  divided  into  two  groups, 
namely  the  Upper  and  the  Lower.  But  later  investiga- 
tions •  having  shown,  that,  of  the  fossils  found  in  the  lower- 
most group,  scarcely  a  species  is  known  in  the  upper  series, 
nor  in  any  newer  strata,  this  system  is  now  separated,  under 
the  name  of  '*  Permian,"  from  the  former,  and  regarded  as 
tbe  uppermost  or  terminal  group  of  the  Falaozoie  or  primary 
series ;  while  the  Upper  New  Bed  is  ranked  as  the  lowermost 
of  the  Mesosoie  or  secondary  formations.f  The  name  of 
Trioi,  or  Triaasic  System,  by  which  the  Upper  New  Bed  is 
now  distinguished,  relates  to  the  well-marked  triple  sub- 

•  See  PhiUips'B  "  Manual  of  Geology,"  1855.  p.  246.  247. 
t  See  the  *'  Synoptical  Arrangement,"  p.  203. 
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division  of  this  series  in*  Germany,  and  has  been  adopted  to 
avoid  confusion  from  the  restricted  application  of  the  old 
term.  The  New  Bed  Sandstone  series  has  also  been  termed 
the  **  Poecilitic "  from  the  variegated  colours  of  its  compo- 
nent strata ;  and  '*  Saliferous,"  on  account  of  the  immense 
beds  of  rock-salt  which  alternate  with  the  red  marls  in 
Cheshire  and  other  parts  of  England.  The  foUovring  table 
shows  the  characters  and  order  of  succession  of  the  princi- 
pal Triassic  and  Permian  deposits : — 

TUB  TRIA8IIC  OB  NEW   RED  FORMATION. 

(Comprising  the  KBUper,  Mtuehelkalk,  and  Bunter-Santhteiny  of  the 
German  geoloffitte.) 

1.  Variegated,  red,  blue,  greenish,  and  white  maris  or  clays  (with 

gypsum  and  immense  beds  of  rock-salt  in  some  places),  interstra- 
tified  with  sandy  beds ;  the  sandstones  towards  the  bottom,  called 
**  Water-Atones,"  constituting  a  well-defined  band. 
[These  marls  and  sandstones  attain  a  thickness  of  about  lUOO  feet, 
and  are  equivalent  to  the  **  Keuper ;  *'  the  "  Muschelkalk  *'  being  possi- 
bly represented  by  the  "  white  beds  "  or  "  waterstones.'*] 

2.  Red  and  variegated  sandstones  and  marls. 

3.  Coarse  red  sandstones  and  conglomerates. 

4.  Red  and  variegated  sandstones  and  marls.* 

[Nos.  2, 3,  and  4  collectiyely  have  a  thickness  of  more  than  1000  feet.} 

THE   PBRMIAM   OR  MAONESIAV-LIMBSTOVB   FORMATION. 

(Comprieing  the  Bunter-Schiefer,  Zechetein,  Kupfer-Sehiefer,  and 
Roth-todt'liegendeSff  of  the  Germane,) 

1.  Reddish  sandstones,  and  red  and  white  gypsiferous  marls,  with  thin 

limestone-beds.     (About  200  feet  thick). 

2.  Magnesian  limestone  (Zechetein) ;  white,  red,  or  yellowish  magne- 

sian  limestone,  sometimes  concretionary,  sometimes  brecciated,  in 
thick  beds,  with  marine  organic  remains.  (About  500  feet  thick.) 

•  See  Quart.  Joum.  Geol.  Soe.  vol.  ix.  p.  188,  for  Prof.  Ramsay'» 
account  of  the  four  subdivisions  of  the  English  "  Bunter." 

i  Roth-iodt-liegendee,  signifying  "  red  dead  layer,"  is  a  German  min- 
ing term,  denoting  that  the  copper  of  the  upper  beds  has  died  out,  this 
layer  not  being  metalliferous. ' 
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3.  If  arl-sUte  and  linestone,  in  thin  layers,  containing  fishes  ond  sea- 

ahells.    (About  60  feet  thick.)    The  Kupfir-Sekiefir,  or  Copper- 
achist,  of  Mansfeld. 

4.  Variegated  marls,  sandstones,  and  conglomerates  (Pontefract  Rock) 

of  Tariable  thickness  and  character.*     (About  200  feet  thick.) 

From  thiB  tabular  view,  the  Trias  and  Permian  systems 
are  seen  to  consist  of  red  and  variegated  marls,  generally 
gypsiferous,  sandstones,  magnesian  limestones,  and  conglo- 
merates, more  or  less  coloured  with  peroxide  of  iron ;  the 
upper  group  containing  beds  of  salt  and  gypsum ;  and  the 
lower,  calcareous  rocks,  having  in  their  composition  a  large 
proportion  of  magnesia.  As  a  whole,  the  strata  are  compa- 
ratively poor  in  organic  remains;  but  in  some  localities 
land-plants,  marine  shells,  and  reptiles  are  met  with ;  cer- 
tain species  and  genera  being  peculiar  to  each  system.  The 
fossOs  of  the  Permian  rocks  are  very  closely  allied  in  their 
zoological  characters  to  those  of  the  coal-formation ;  the 
organic  remains  of  the  Trias,  on  the  contrary,  are  very  dis- 
tinct, having  closer  relations  to  those  of  the  secondary  form- 
ations, especially  the  Lias. 

2.  GsoGiiAPHiOAL  Distribution  op  thx  Trias  and 
PsBiciAir. — For  the  sake  of  conciseness  I  shall  comprise 
both  systems  in  the  following  brief  notice  of  their  geogra- 
phical distribution.f 

From  the  River  Tees  to  the  Tyne  {tee  the  map,  PI.  I.  p.  474),  these 
rocks  form  the  Durham  coast.  The  line  of  the  emergence  of  the  New 
Red  firom  beneath  the  Lias  through  Yorkshire  to  the  south-west  forms 
its  eastern  boundary.  Traversing  Yorkshire  and  Nottinghamshire  as  an 
trreguiar  band  varying  from  10  to  30  miles  wide,  the  New  Red  is  accom- 

*  The  sands  and  sandstones  beneath  the  mnrl-slate  in  Durham  are 
beliered  by  Mr.  R.  Howse  not  to  belong  to  the  Permian  series,  on  ac- 
count of  their  unconformability,  and  their  being  characteriied  by  genuine 
carboniferous  species  of  plants  and  fish.     Annals  N.  H.  1856. 

f  In  the  map,  Plate  I.  the  Trias  and  Perinian  aie  both  denoted  by 
the  same  colour  and  number  (5). 
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panied  by  a  still  narrower  band  of  Permian  rocks  to  the  west  as  far  aw 
Nottingham,  from  whence  as  far  as  Warwick  and  the  rale  of  the 
Serem  *  to  the  south-west,  and  to  Shrewsbury  and  the  Lancashire  coast 
on  the  west  and  nurth-west,  the  New  Red  spreads  out  irregularly,  com- 
prising the  rich  salt- fields  of  Cheshire  and  Worcestershire,  and  surround- 
ing or  bordering  on  the  several  coal-fields  of  the  Midland  counties, 
Flintshire,  and  Lancashire,  each  with  its  irregular  seWedge  of  Permian 
strata.  In  Somerset  and  Devon  the  New  Red  accompanies  the  Lias. 
It  also  forms  thi  vale  of  the  Clwyd  in  North  Wales,  and  that  of  the  Eden 
in  Cumberiand,  where  it  is  uniformly  bordered  with  Permian  rocks.  The 
latter  occur  also  in  an  isolated  patch  in  Anglesea,t  and  are  represented  in 
the  South-western  counties  by  conglomeratic  beds  near  Bristol,  on  the 
sides  of  the  Mendips,  and  near  Exeter. 

The  New  Red  of  Cumberland  is  continuous  with  the  sandstone  area 
of  South-eastern  Dumfriesshire ;  but  the  red  sandstones  of  the  upper 
part  of  Annandale  (Corncockle  Muir,  Moffat,  &c.),  and  of  Dumfiies  and 
the  vale  of  the  Nith,  are  referred  by  Messrs.  Binney  and  Harkness  %  to 
the  Permian  series.  In  Ireland,  Permian  fossils  have  been  found  at  Cul- 
trai§  near  Belfast,  and  at  Artrea,!)  and  Roan  Hill,  Tyrone.^  The  great 
breadth  of  the  district  of  which  the  Triassic  beds  form  the  subsoil,  in  their 
western  expansion,  arises  from  the  New  Red  marls  and  sandstones  of  the 
North*westem  and  the  Southern  counties  being  nearly  horizontal  beds» 
for  the  most  part  free  from  overljring  deposits,  and  succeeding  to  the 
disturbed  underlying  strata,  which  had  previously  been  thrown  up,  at 
various  and  often  considerable  angles,  into  lofty  groups  and  chains  of 
hills,  which  appear  like  so  many  islands  amidst  the  great  plain  of  Red- 
marl  (see  section  of  the  Mendips,  p.  522).** 

On  the  Continent,  the  Triassic  and  Permian  groups,  with  occa- 
sional variations  in  the  strata,  may  be  traced  nearly  opposite  the 
Devonshire   coast,  skirting    the    paleosoic    rocks  of    Brittany;    and 

*  A  valuable  paper  by  Murchison  and  Strickland  on  the  "  New  Red 
of  Gloucestershire,"  Ac  will  be  found  in  GeoL  Transact.  2nd  series,  vol. 
v.  p.  331.     See  also  Murchison's  Siluriaf  p.  300,  &c. 

t  Lately  noticed  by  Professor  Ramsay,  Local  Director  of  the  Geolo- 
gical Survey. 

X  Quart.  Oeol.  Joum.  vol.  xiL  p.  138,  and  p.  254. 

4  Joum.  Geol.  Soc.  Dublin,  vol.  i.  p.  175.        |  Ihid.  vol.  vii.  p.  67. 

%  Geol.  Proc.  vol.  ii.  p.  206 ;  Portlock's  Report,  Londonderry,  p.  468 ; 
and  Quart.  Geol.  Joum.  vol.  iii.  p.  4. 

**  See  also  the  map  of  the  Mendips  in  De  1 1  Beche's  Geological  Ob- 
server, p.  478. 
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to  the  Soatb-eut,  nnderiying  the  Jura-limettone,  and  containing  beds 
of  gypsum  and  aalt,  they  occnr  in  patches  on  the  flanks  of  the  gneissic 
ana  of  Central  Prance.  They  have  a  great  extent  in  Central  Ger- 
Bany,  stretching  from  the  Hundsriick  to  the  Vosges  on  the  west  of 
the  Rhine  Talley,  and  irom  the  Harts  to  the  Black  Forest  on  its  east- 
em  aide.  They  are  traceable  aUo  as  a  sone  on  either  side  of  the  Alps. 
In  Ssxooy,  Silesia,  and  Poland  there  are  isolated  tracks  of  these  strata, 
bat  they  prevail  in  the  north  and  east  of  European  Russia ;  the  great  ex- 
lensiQn  of  the  Magneaian  limestone  series  over  and  around  the  GoTem- 
Bient  of  Perm  having  suggested  to  Sir  R.  Murchison  the  present  geo- 
bgical  name  of  this  formation.  Triassic  rocks  are  known  in  several 
parts  of  Spain  and  Portugal.* 

Tlie  Trias  of  Germany,  distinct  in  its  triple  character,  is  well  developed 
ra  Bavmria  and  Wirtemberg.  Immediately  beneath  the  Lias  is  the  series 
ten&ed  the  J&^p«r,t  which  consists  of  variegated  red  and  green  marls 
and  sandstones,  containing  intercalations  of  salt  and  gypsum,  as  in  Eng- 
land, and  some  coaly  beds.  This  group  is  superimposed  on  a  fine  cream - 
ooloured  *'  shell-limestone/'  or  Mtuchetkalk,  which  abounds  in  organic 
remuBs ;  especially  in  that  beautiful  extinct  crinoidean,  the  Liiy  encri- 
mU  (Liffn,  131),  which  is  exclusively  found  in  this  bed,  and  chiefly 
near  Bnmswick :  the  Muschelkalk  is  not  known  to  occnr  in  England. 
The  lowermost  series  of  the  Trias  is  the  BiuUer'Sand9t«m,X  consisting  of 
variegated  sandstones  and  marls,  resembling  those  of  the  Keuper.  The 
lower  portion  of  the  Banter  (Bunter-Schiefer)  has  been  separated  from 
this  groap  to  be  allocated  to  the  Permian  series.} 

In  the  United  States  of  North  America  red  sandstones  and  shales, 
nsDally  referred  to  the  Trias,  occupy  the  lower  part  of  the  valley  of  the 


*  The  Geological  Map  of  Europe,  by  Murchison  and  Nicol,  is  a  good 
guide  for  the  student  in  studying  the  extension  of  these  and  other  forma- 
tions. 

t  In  Western  Enrope  the  junction-beds  between  the  Lias  and  the 
Keuper  appear  to  be  a  thicker  development  of  the  "  Bone-bed,"  as- 
sociated with  some  shelly  bands.  Towards  the  Bast,  these  are  found  to 
be  of  more  and  more  importance,  until,  in  the\ustrian  Alps,  they  thicken 
oat  into  several  distinct  beds,  locally  known  as  Koessen-beds,  Dachstein- 
beds,  Hallsutt-beds,  St.  Cassian-beds,  Guttenstein-beds,  and  Werfen- 


{  Variegated  or  spotted  sandstone. 

i  See  Murchison  and  Morris  on  the  Permian  rocks  of  Thuringia  and 
the  Uaxtz,  Quart.  Joum.  Geol.  Soc.  vol.  xi.  p.  426. 
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Connecticut,  and  are  continned  into  New  Jersey,  Maryland,  Yirginta,  and 
North  Carolina,  and  similar  strata  occur  on  each  margin  of  the  Bay  of 
Fandy  and  in  Prince  Edward  Island.  These  red  sandstones  are  associ- 
ated in  some  places  with  coal-bearmg  shales,  sometimes  abounding  in 
plant-remains  and  fishes  which  comprise  forms  both  of  palieosoic  and 
secondary  types.  The  Connecticut  sandstones  are  invested  with  an  extraor- 
dinary degree  of  interest,  from  the  abundance  and  variety  of  the  foot- 
prints of  unknown  animals  with  which  the  surface  of  some  of  the  lami- 
nated sandstones  are  impressed;  a  phenomenon  we  shall  presently 
examine. 

Some  traces  of  Permian  rocks  have  been  detected  in  Spitibergeiip 
and  Muschelkalk-fossils  have  been  detected  by  Capt.  K  Strachey  in 
the  Himalayas.* 

3.   E0CK-8A.LT   AKD   BWKE-SPBiyOS  OF   THE   TbIAS. — In 

England  and  Ireland  (Camckfergu8),t  the  Trias  is  the  chief 
repository  of  salt  or  chloride  of  sodium :  and  brine-springa, 
which  are  subterranean  streams  of  water  impregnated  with 
salt  from  percolating  through  saliferous  strata,  are  abundant 
in  the  great  plain  of  the  red  marls  and  sandstones  of 
Cheshire.  The  salt,  however,  is  not  uniform  in  extent,  but 
occupies  limited  areas. 
The  saliferous  strata  of  Northwich  present  the  following  series : — 

Feet. 

1.  Uppermost  calcareous  marl  ...     15 

2.  Red  and  blue  clays 120 

3.  Bed  of  rock-salt 75 

4.  Clay,  with  veins  of  rock-salt     .    .    31 

5.  Second  bed  of  rock-salt    .    .    .    .110 

Droitwich,  in  Worcestershire,  which  is  situated  nearly  in  the  centre  of 
the  county,  has  been  celebrated  for  the  production  of  salt  from  its  brine- 
springs,  from  the  time  of  the  Romans ;  and  this  inexhaustible  fountain 
of  saline  water  has  continued  ever  since  flowing  up,  and  yielding  salt  in 

•  Quart.  Geol.  Jonm.  vol.  vii,  p.  305. 

t  Two  beds  of  rock-salt,  underlying  upwards  of  630  feet  of  red  gypsi- 
ferous  marl,  and  making  together  a  thickness  of  more  than  120  feet, 
were  discovered  at  Carrickfergus  by  the  enterprise  of  the  Marquis  of 
Downshire.    (Jukes,  Geology,  p.  245.) 
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ndimimahad  quantities.*  It  is  probable  that  the  manufacture  is  coeval 
with  the  town  itself;  but  it  was  not  until  the  year  1725,  that  the  strong 
brine  for  which  it  is  now  famous  was  discovered ;  from  one  spring  alone, 
the  eoonnoos  quantity  of  a  thousand  tons  of  salt  hare  been  obtained  per 
week-t 

At  a  distance  of  from  thirty  or  forty  feet  below  the  surface  there  is  a 
bed  of  hard  gypsum,  about  150  feet  thick;  through  this  a  small  hole  is 
tured  to  the  river  of  brine*  which  is  in  depth  about  twenty -two  inches, 
and  beneath  which  is  rock-salt.  The  brine  rises  rapidly  through  the  aper- 
lare,  and  is  pumped  into  a  capacious  reservoir,  whence  it  is  conveyed 
into  Iron-boilers  for  evaporation :  it  is  supposed  to  be  stronger  than  any 
other  in  the  kingdom,  and  contains  above  one-fourth  part  its  weight  of 
Mlt.  One  of  th,e  shafts  is  sunk  to  a  depth  of  nearly  500  feet,  and  passes 
(koogh  four  layers  of  salt,  85  feet  in  aggregate  thickness.  Some  of  the 
b«ds  of  salt  in  Cheshire  are  from  70  to  120  feet  toick.  A  red  sandstone, 
coouining  vegetable  remains,  forms  the  foundation-rock  of  the  saliferous 
deposits  of  Englaud.} 

4.  OmGiN  or  Book-salt. — The  origin  of  these  enonnous 
ftttbterranean  beds  of  rock-salt  is  as  enigmatical  as  that  of 
the  saltness  of  the  waters  of  the  ocean.  But  deposits  of 
Bait,  though  prevailing  in  England  and  the  Continent  in  the 
formation  under  examination,  are  not  confined  to  any  parti- 
cular group  of  strata.  The  celebrated  salt-mines  of  Ghilicia 
(^ee  p.  289),  and  numerous  salt-works  in  Persia  and  West- 
em  Asia,  are  made  in  tertiary  strata ;  §  while  in  the  State 
of  Xew  York  salt  and  gypsum,  with  variegated  marls,  are 

*  The  Romans  imposed  a  tax  on  the  Britons  who  worked  the  Droit- 
▼ich  salt-mines,  and  made  salt  a  part  of  the  pay  of  their  soldiers'  tah' 
nm,  or  salary.  Hence  the  custom  of  asking  for  salt  at  the  Eton 
Montem.— Geo<o^  ofEngUmd  amd  Wales,  p.  282. 

t  From  Mr.  R.  Hunt's  Report  in  the  Mining  Records  we  learn  that 
the  quantity  of  white  salt  manufactured  from  brine  in  the  districts  of 
Waosford  and  Northwich  (Cheshire)  in  1855  was  834,514  tons ;  at  Droit- 
vich  and  Stoke  (Worcestershire),  170,000  tons. 

I  For  an  interesting  account  of  the  salt-works  at  Droitwich,  see  Mr. 
Hogh  Miller's  "  Impressions  of  EngUnd  and  its  People,"  p.  179. 

I  According  to  Dr.  A.  Fleming,  the  saliferous  beds  of  Uie  Salt-Range 
in  the  Puiyaub  are  of  the  Devonian  age. 
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found  in  the  Silorian  Bjstem*  It  is  to  be  remarked,  tliat 
deposits  of  chloride  of  sodium  are  almost  always  accompa- 
nied with  layers  and  intercalations  of  gypsum ;  and  the  cir- 
cumstance of  two  powerful  acids,  the  sulphuric  (in  the 
gypsum  or  sulphate  of  lime),  and  the  hydrochloric  (in  the 
chloride  of  sodium),  being  so  largely  and  uniformly  present, 
seems  to  indicate  a  common  origin ;  both  occur  abundantly 
as  volcanic  products.  In  a  more  advanced  state  of  chemical 
science,  this  fact  may  probably  tend  to  the  elucidation  of 
the  ques^on  under  consideration.t 

The  gypsum  associated  with  rock-salt  is  considered  by- 
several  eminent  observers  to  be  anhydrous,  that  is,  entirely 
free  from  water,  before  exposed  to  moisture.  The  great 
beds  of  gypsum  that  occur  with  rock-salt  at  Bex,  in  Switz- 
erland, were  found  by  M.  Charpentier  to  be  anhydrous 
when  laid  open  to  the  atmosphere.  Hence  Mr.  Bakewell 
suggests  that  the<  consolidation  of  the  salt  and  gypsum  must 
have  been  effected  in  such  cases  by  heat,  for  there  is  no 
conceivable  mode  of  aqueous  deposition  that  could  form 

*  In  the  middle  of  the  horizontal  Silurian  rockB  of  the  State  of  New 
York,  there  is  a  formation  of  red,  green,  and  hloish-grey  marls,  with 
beds  of  gypsum  and  occasional  salt-springs,  the  whole  being  from  900  to 
1000  feet  thick,  and  undistinguishable  in  mineral  character  from  parts  of 
the  Trias  of  Europe. — LytWt  Travelt  in  America,  p.  54.  See  also  J. 
Hall's  '*  Geology  of  New  York,"  4to,  1843,  for  notices  of  the  salines 
and  gypsum  in  the  Medina  and  the  Onondaga  rocks. 

t  In  treating  of  the  gypsiferous  rocks  that  oyerlie  the  nummulitic  series 
in  Turkey  and  Persia,  Mr.  W.  K.  Loftus  has  suggested  that  volcanic 
action,  suddenly  altering  the  level  of  the  sea-bed  and  discharging  sul- 
phuric vapours  into  the  sea,  might  have  caused  the  deposition  of  the  gyp- 
seous beds,  by  the  chemical  change  of  the  calcareous  matter  held  in  solu- 
tion in  the  water ;  and  that  the  usual  absence  of  animal  remains  in  such 
deposits  might  be  similarly  accounted  for.  Mr.  Loi\us  also  refers  to 
volcanic  agency  as  the  probable  cause  both  of  the  formation  of  the  rock- 
salt  of  the  Plain  of  Khoi  (about  80  miles  south  of  Ararat),  and  of  the 
excessive  saltness  of  the  Lake  Urumia.  Quart.  Geol.  Joum.  vol.  xi. 
pp.  268,  307,  and  309. 
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anhydroas  gypmun.*  The  red  colour  of  the  salt  and  marls 
is  occasioned  bj  oxide  of  iron,  which  maj  have  been  derired 
from  decomposed  rolcanic  rocks. 

That  many  of  the  deposits  of  salt  may  hare  originated  simply  from 
tbe  eraporatioD  of  sea-water  pent  up  in  lagoons,  laJces,  or  inland  seas,  is 
a  genenlly  receired  and  not  improbable  supposition ;  but  the  absence  of 
marine  otganiams  of  any  kind  has  been  regarded  as  a  formidable  objec- 
tion to  this  hypothesis. t  Another  difficulty  presents  itself  in  the  enor- 
moof  thickness  of  many  of  the  beds  of  salt ;  which,  if  considered  as  the 
vM  residuum  of  sea-wateif,  must  have  required  a  body  of  fluid  incon- 
cfirably  great ;  unless  we  suppose  the  seas  of  those  ancient  periods  to 
have  contained  a  much  larger  proportion  of  saline  ingredients  than  the 
pretent,— an  inference  for  which  there  ar^e  no  reasonable  grounds  what- 
r«er.  If  we  imagine  successiTe  subsidences  of  a  given  area  to  have 
uken  place,  the  alternations  of  beds  of  marls  with  layers  of  salt  of  vari- 
able tidckne$s  may  be  explained  ;  but  the  difficulties  above  mentioned 
remain  in  full  force.  As  gypsum  %  and  the  chlorides  of  sodium  are  often 
sablimed  from  Tolcanic  Tents,  an  igneous  origin  has  been  ascribed  to 
fflsoy  of  the  beds  of  salt  and  sulphate  of  lime.  Gypsum  is  unquestion- 
ably, in  many  instances,  a  metamorphosed  substance ;  for  sulphurous 
fumes,  acting  on  beds  of  clay  containing  shells,  convert  the  lime  into 
§elenjte ;  and,  acUng  on  limestone,  convert  it  into  fibrous  and  compact 
gTp>uni.  Many  tertiary  gypseous  deposits  have  evidently  originated 
troo  this  cause :  but  crystals  of  gypsum  are  also  abundantly  found  in 

*  Mr.  Bakewell's  "  Introduction  to  Geology"  (5th  edit.  p.  289)  con- 
t«ins  an  interesting  review  of  this  problem,  and  an  account  of  the  most  im* 
P^'ftant  depoeitB  of  salt. 

t  It  cannot,  however,  l>c  with  certainty  determined,  whether  the  ab- 
lence  or  paucity  of  fossils  in  a  deposit  is  owing  to  an  actual  reduction 
of  the  amount  of  life  in  the  seas  of  a  given  area,  or  to  the  mineral  cha- 
racter of  the  strata  not  havitig  been  favourable  to  the  preservation  of 
onnnic  remains. 

t  Gypeutn,  or  sulphate  of  lime,  consists  of  sulphuric  acid,  46*31 ; 
lime,  32*90 ;  and  water,  20*79.  The  masfive  gypsum  is  called  AlabatUr; 
tbe  tunsparent  gypsum,  SekniU ;  powdered  calcined  gypsum  forms 
Plattir  of  Porta,  The  fibrous  gypsum  has  a  silky  lustre,  and  is  used 
for  ear-rings,  brooches,  and  other  ornaments.  Fibrous  gypsum  of  great 
beauty  occurs  in  Derbyshire :  veins  and  masses  of  this  suhstsnce  abound 
in  the  red  marls  bordering  the  valley  ofihe  Trent. 
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beds  containing  pyrites,  from  the  decompoeitioa  of  the  sulphide  of  iron, 
and  the  foimation  of  sulphate  of  lime  from  the  action  of  the  liberated  sul- 
phuric acid  on  the  calcareous  materials.*  In  many  parts  of  Sicily, 
vapours  charged  with  sulphuric  acid  are  constantly  emanating  from  vents 
or  fumaroles,  as  they  are  termed,  and  throw  down  large  deposits  of  sul- 
phur and  gypsum  ;  and  the  fumes  of  sulphur  and  boracic  acid  escape  in 
such  quantities,  that  the  peasants' put  pots,  and  often  bee-hives,  over  the 
fumaroles,  and  thus  collect  abundance  of  sulphur  and  boracic  acid.  In 
Tuscany,  boracic  acid  is  obtained  from  jets  of  vapour  which  force  their 
way  through  secondary  rocks  in  contact  with  serpen tine.f 

The  connexion  between  volcanic  action  and  the  formation  of  gypsum 
seems  also  pointed  out  by  the  fact,  that  in  North  America,  where  vol- 
canic rocks  are  not  associated  with  the  coal-measures,  there  are  no  beds 
of  gypsum :  but  in  Nova  Scolia,  where  igneous  rocks  are  interpolated 
beneath  the  coal,  there  are  extensive  gypseous  deposits.  Sir  C  Lyell, 
after  a  careful  review  of  the  phenomena  exhibited  by  these  gypsiferons 
strata,  expresses  his  conviction,  that  the  production  of  gypsum  in  the 
Carboniferous  sea  was  intimately  connected  with  volcanic  action,  whe- 
ther in  the  form  of  stufas  or  heated  vapours,  or  of  hot  mineral-springs,  or 
some  other  effects  of  sub-marine  igneous  eruptions. 

It  may  be  also  remarked,  that  the  variegated  appearance  of  the  marls 
•^red,  pink,  blue,  yellow,  dun,  &c, — of  the  Trias,  seems  to  have  been 
produced  by  the  chemical  effects  of  vapours  or  fluids  charged  with  sul- 
phuric or  chloric  acid ;  at  least  the  same  change  is  induced  on  the  ter- 
tiary marls  of  the  Lipari  Isles  by  the  gaseous  emanations  and  vapours  of 
the  fumaroles  and  hot  springs. 

6.  The  Cheltenham  Watees. — Tn  certain  localities 
where  the  marls  of  the  Trias  are  covered  hy  other  beds, 
and  the  saline  springs  force  their  way  to  the  smiace  through 
the  superincumbent  deposits,  chemical  changes  take  place 
in  these  solutions  of  chloride  of  sodium,  which  thus  acquire 

*  See  Mr.  Morris's  paper  in  Mag.  Nat.  Hist.  1838,  p.  43.  Recent 
railway-embankments  of  shelly  clays  (such  as  the  London,  Kimmeridge, 
and  Oxford  Clays)  often  exhibit  this  phenomenon,  and  are  liable  to  give 
way  from  their  consolidation  being  thereby  prevented. 

t  See  a  highly  interesting  Memoir  on  the  Geology  of  some  parts  of 
Tuscany,  by  W.  J.  Hamilton,  Esq.,  Quart.  Geol.  Journal,  vol.  i.  p.  274 ; 
also  Sir  R.  Murchison's  descriptioi\of  the  Tuscan  fumaroles  and  soffioni, 
Quart  Geol.  Joum.  vol.  vii.  p.  ^7. 
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other  properties,  and  become  what  are  termed  mineral- 
waters  ;  such  is  the  origin  of  the  celebrated  Cheltenham 
waters.* 

The  town  of  Cheltenham  is  built  on  Lias  clays  and 
marlfl,  beneath  which,  but  at  a  great  depth,  lie  the  TriaR. 
sic  deposits,  the  resenroir  of  the  rock-salt  and  brine-springn, 
whence  the  mineral  waters  have  their  origin,  and  derive 
their  saline  ingredients ;  but  these  undergo  various  modifi- 
cations in  their  passage  to  the  surface  through  the  superin- 
cumbent beds  of  Lias,  which  are  full  of  iron-pyrites,  and 
sulphate  of  lime.     "  From  the  analyses  of  these  waters  by 

Cheltenham. 
8csa-lc?«l ....   ^J^^^^^HwBnBBM     II f  •  •  •  •  B«a-leTeL 
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How.  lS8.—DiAaBAX-srcno!r  of  the  strata  bbkkath  ckbltkkham. 
fFrom  SirM.!.  Mwcki$om'$  SU.  Sv^tJ 

1, 1.  Red  auri.    S,  S.  t,  Oriffln  of  the  Cheltenham  Waten.    1,  S,  Llaa  clayt 
and  aaiia.    4,  AUvTlam. 

several  chemists,  it  appears  that  their  principal  constituents 
are  the  chloride  of  sodium,  or  sea-salt,  and  the  sulphates  of 
soda  and  magnesia ;  sulphate  of  lime,  oxide  of  iron,  and 
chloride  of  magnesium  being  present  in  some  wells  only,  and 

in  much  smaller  quantitiesl^ Besides  these  ingredients, 

iodine  and  bromine  have  been  detected  by  Dr.  Daubeny,  who 
endeavoured  to  ascertain  whether  these  two  active  princi- 

•  See  Sir  R  I.  Murchiwn's  deflcription  of  the  mineral-springs  of 
Gloucestershire  and  Worcestershire,  "  Silurian  System,"  p.  34 ;  and  in 
his  "  Geology  of  Cheltenham,"  2nd  edit  p.  63.  The  Lias  and  Trias  of 
this  district  are  described  in  full  detail  in  the  SU,  Sytt.  pp.  16,  &c. 

2  N 
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pies,  whicH  the  French  chemists  had  recentlj  discovered  in 
modern  marine  productions,  did  not  also  exist  in  mineral 
salt  waters  issuing  from  strata  which  geologists  consider  to 
have  heen  formed  beneath  the  sea." 

As  the  saline  springs  of  the  red  marls  rise  up  through 
the  Lias  (X^it.  128),  thej  undergo  certain  chemical 
changes.  From  the  decomposition  of  the  sulphate  of  iron 
which  takes  place,  a  vast  quantity  of  sulphuric  acid  must  be 
generated,  which,  reacting  on  the  different  bases  of  magnesia, 
lime,  &c.,  contained  in  the  strata,  forms  those  sulphates  so 
prevalent  in  the  higher  or  pyritous  beds  of  the  Lias ;  the 
oxide  of  iron  being  at  the  same  time  more  or  less  completely 
separated.  By  this  means  the  mineral-waters,  which  are 
probably  mere  brine-springs  at  the  greatest  depths,  acquire 
additional  medicinal  qualities  as  they  ascend  to  the  places 
whence  they  flow.  At  the  same  time  it  must  be  borne  in 
mind  that  fresh  water  is  continually  falling  from  the  atmos- 
phere upon  the  surface  of  the  Lias  clays,  and  percolating 
through  the  uppermost  strata. 

6.  CovoLOMEBATES  07  THE  Tbias.— The  Conglomerates 
of  this  formation  are  chiefly  composed  of  pebbles  and 
detritus  derived  from  the  destruction  of  igneous  and  meta- 
morphic  rocks,  as  slate,  quartz-rock,  granite,  porphyry 
&c. ;  and  the  fine  siliceous  sandstones  c<mtain  a  large  pro- 
portion of  such  debris.  It  would,  therefore,  appear  that  the 
sea  which  deposited  the  saliferous  group  was  bounded  by 
the  rocks  of  whose  ruins  it  is  composed ;  in  like  manner  as 
the  existence  of  beaches  of  flint-pebbles  evinces  the  destruc- 
tion of  former  chalk-cliffs. 

The  rock  on  which  Nottingham  Castle  is  built  is  a  con- 
glomerate formed  of  the  ruins  of  the  ancient  rocks  of  the 
neighbouring  districts.  The  rounded  pebbles  of  quartz, 
lydian  stone,  granite,  jasper,  porph3rry,  slate,  Ac.,  seem  to 
have  originated  from  rocks  formerly  connected  with  the 
range  of  Chamwood  Forest.    Still  nearer  the  Chamwood 
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hilk,  the  finest  tondstone  contains  fragments  of  slate.  Mr. 
Bakewell  was  of  opinion  that  a  large  proportion  of  the  ma- 
terials of  the  Triassic  strata  was  derived  from  trap  and  other 
igneouB  rocks ;  and  that  the  red  marl  was  the  dehris  arising 
from  the  decomposition  of  the  less  indurated  volcanic  pro- 
dacts  ;  hence,  probahly,  the  extreme  fertility  of  the  soil.* 

7.  Okoahic  Eemains  of  the  Trias.  —  This  formation 
presents  a  remarkable  contrast  with  that  of  the  Jurassic,  in 
the  paucity  of  organic  remains ;  for,  while  the  latter  teems 
with  marine  fossils,  the  former,  throughout  immense  areas, 
b  almost  wholly  destitute  of  any  vestiges  of  animals  or 
vegetables ;  a  proof  that  the  strata  were,  for  the  most  part, 
accumulated  under  conditions  unfavourable  for  the  preserv- 
ation of  organic  structures.  Several  Fucoidal  plants, 
between  thirty  and  forty  species  of  rem8,t  nearly  twelve 
of  Cycadese,  and  about  fourteen  referable  to  Conifersp,  have, 
however,  been  obtained  and  determined.  Among  these 
are  fronds  of  a  plant  bearing  some  resemblance  to  the 


UOH.  1».— FOMIL  PUtKT  ALLIXD  TO  THS  Al}DKft*S-TO»OCK  ;  FBOM  THK  KRJ> 
XA&L,  8l-LZ-L£B-BAI»8. 

{CmmaUipteru  $e9lop0ndrieide$  i  ont  half  tk«  naturat  $iz«.J 

Adder's  tongue  {Asplenium  scolopendriutn),  so  common  on 
the  banks  of  our  woods  and  copses ;  a  specimen  discovered 
bv  M.  Yoltz  exhibits  the  fructification  on  the  back  of  the 
leaf  (^Lign.  129).     But  the  most  characteristic  plants  of 

*  iDtroduction  to  Geology,  fifth  edition,  p.  279. 
t  Fragments  of  the  large  fronds  of  the  Anomopterit  Mougeoti^  from  th« 
Hunter,  are  figured  in  the  Medals,  vol.  L  p.  117,  &nd  Petri/actioMt  p.  3*2. 
2  K  2 
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the  Triassic  flora  are  Conifene,  belonging  to  a  genus  named 
Voltzia^*  which  differ  from  any  now  living,  but  somewhat 
resemble  the  Araucaria,  or  Norfolk  Island  pine.  Fragments 


lIGX.  lS0.-COXmRJI  OF  TBSTUA9:    niOJI  SxrU.LF»  PAINS. 

Fi|r.  1.  ToltilA  lonrirolia. 

—    2.   het«rophylIa :  with  the  fhictlflcatlon. 

of  these  fossil  plants  are  frequent  in  the  greenish  marls  near 
Strasburg :  two  specimens  of  portions  of  branches  are  figured 
in  Lign,   130;  Jig.  2  shows  the  fructification.f     Several 


*  From  the  late  Mr.  Voltz  of  Strasburg,  by  whom  they  were  first  dis- 
covered. 

f  See  Essai  d'une  Flore  dn  Gr^s  Bigarr6 ;  par  M.  Ad.  Brongniart, 
Ann.  Sciences  Nat.,  1828. 
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Species  of  equisetaceous  plants  {Calamiten  and  Equisetites) 
abound ;  one  of  which  is  probably  the  E.  columnari^  of  the 
Lower  Oolite. 

A  very  remarkable  fossil  (Dictyopkylluih  crasainervum  *) 
has  been  found  in  the  Triassic  sandstone  near  Liverpool ;  it 
is  a  leaf  of  considerable  size,  bearing  a  striking  resemblance 
to  the  foliage  of  some  of  the  thick-ribbed  cabbages.f  I  will 
only  add,  that,  as  a  whole,  the  flora  of  the  Trias,  or  New 
Bed,  presents  a  general  character  by  which  it  is  separated 
alike  from  the  vegetation  of  the  older  formatioas  below,  and 
of  the  Lias  above,  though  showing  a  strong  affinity  to  that 
of  the  latter. 

8.  Crustacea,  Mollusoa,  and  Crinoidea. — Crustaceans' 
are  rare  in  the  Trias,  with  the  exception  of  one  genus  of 
small  bivalved  entomostracans,  allied  to  the  recent  Esiheriw^ 
and  commonly  confounded  with  the  moUuscan  Posidanomya. 
This  little  Estheria  {Poddonomya  minuta)  is  characteristic  of 
the  Reaper  deposits  of  England  and  the  Continent;  and 
similar  fossils  occur  in  the  red  shales  of  Virginia  and  Penn- 
sylvania.^ M.  Schimper  §  has  figured  and  described  some 
Xiphosures  or  Limulus-like  Crustaceans  from  the  Trias  of 
Alsace.  Polypiferous  zoophytes  or  corals,  which  are  so  abun- 
dant in  the  Jurassic  formation,  are  very  rare  in  the  Trias. || 
The  shells  comprise  a  few  species  of  Cardium,  Trigonia,  Mya, 
Plagiostoma,  Ostrsa,  Pecten,  Avicula,  Terebratula,  and 
other  Bivalves,  with  several  Gasteropoda,  some  Nautili,  and 
numerous  Ammonites  and  Ceratites.lT   The  Badiaria  consist 

•  The  "thick-nerved  net-leaf." 

t  Lindley's  Fom.  Flora,  pi.  201,  and  Murchison's, "  Silurian  Syaiem," 
p.  43. 

X  See  Mr.  Jones's  Notice  of  this  fosail  in  the  Quart.  Geol.  Joum.,  vol. 
xiL  p.  376. 

f  M«m.  Mus.  Hist.  Nat.  Strasbourg,  vol.  iv.  1853. 

I  One  or  two  species  occur  in  the  Muschelkalk,  and  two  in  the  Hnll- 
stAtt-beds,  of  the  Austrian  Alps;  Denksch.  Akad.  Wien,  vol.  ix.  p.  107. 

Y  Medals,  vol.  ii  p.  483. 
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of  a  few  star-fishes,  Cidarides,  Fentacrinites,  and  Encrinites- 
Of  the  latter,  a  most  beautiful  form  of  this  family  of  Crinoi- 


Lion.  ISI— Thb  Ln.T  FcitTKiTK,  from  THK  ICVMHZUEALK,  XXAK  BftVKrSWIOl, 
(Enerimm  lUiiffmitJ'* 

deans  is  exclusively  found  in  the  Muschelkalk,  namely,  the 
Lily  JEncrinite  {Lign,  131),  so  named  from  the  supposed 

*  Fir$t  figured  and  described  by  Schlotheim ;  Rnd  subsequently,  as 
£.  moniliformis,  by  Miller.  Baron  von  Strombeck  has  written  an  in- 
teresting description,  with  illustrations,  of  the  deformities  of  this  species 
in  the  "  Palajontographica,**  vol.  iv.  p.  169. 
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resemblance  of  the  animal,  when  in  repoae,  to  a  closed  lily  •: 
in  the  lecture  on  Zoophytes,  &c.,  I  shall  describe  this  elegant 
foflsQ  more  particularly:  the  specimens  hitherto  obtained 
are  from  the  neighbourhood  of  Brunswick. 

9.  FisQKS  OF  THE  Tbias.  —  The  bone-bed  that  inter- 
Tenes  between  the  Lias  and  Trias  (see  p.  524),  contains 
teeth  and  dorsal  rays  of  numerous  small  fishes  of  the  genera 
Acrodwf,  CcratoduSy  ChfroUpiSy  Hybodus,  Nemaeanthu9y  and 
Saurickthit ;  similar  remains  occur,  although  but  rarely,  in 
the  sandstones  and  conglomerates.*  Only  one  species  f  of 
the  Palaeoniscus,  a  genus  of  fishes  common  in  the  Permian 
and  Carboniferous  formations, has  been  identified  in  the  Trias. 

10.  Beptilss  of  THE  Tbias. — The  Triassio  strata  not 
only  contain  teeth  and  bones  of  several  remarkable  reptiles, 
but  also  bear  the  foot-marks,  or  imprints  of  the  feet,  of 
many  animals,  both  biped  and  quadruped,  of  whose  exist- 
ence no  other  traces  have,  as  yet,  been  discovered.  Although 
the  true  geological  position  of  some  of  the  strata  bearing 
such  imprints  is  somewhat  doubtful  (for  some  geologists 
question  whether  a  great  part  of  the  so-called  New  Bed  of 
North  America  may  not  be  referable  to  the  Permian  group), 
whilst  others  associate  it  with  the  Jurassic  series,  it  will  be 
convenient  to  notice  the  phenomena  in  question  in  this  place; 
1  will,  therefore,  first  describe  the  reptilian  remains,  and 
afterwards  examine  the  fossil  foot-marks. 

Bones  of  several  species  of  Ichthyosaurian  and  Plesiosau- 
rian  reptiles  have  been  found  in  the  Triassic  strata  of  Wir- 
temberg  by  Dr.  Jaeger  of  Stutgard.    But  the  most  extraor- 

«  Piflh-teeth  and  Ichthyodorulites  hare  been  found  in  the  conglomer- 
ate of  the  Keuper  at  Pendock,  by  the  Rev.  Mr.  Symonds  (Quart.  Geol. 
Joura,  vol.  zi.  p.  451)  ;  and  in  the  gritty  sandstone  near  Warwick,  by 
the  Rer.  Mr.  Brodie  (Ibid.  ro\.  xii.  p.  374).  A  very  peculiar  and  homo- 
cerque  fish  (Dipteronotui  eyphtu)  has  been  figured  and  described  by 
Sir  P.  Egerton  from  the  Bunter-sandstone  of  BromsgroTe.  {Quart,  Oeol. 
Joum.  Tol.  z.  p.  367). 

t  PaUtoniaeuM  mpentea,  Egerton ;  Geol.  Proceed.  June,  1857« 
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dinary  reptiHan  remains  discoTered  in  that  ooiintrj  and  de* 
scribed  by  the  same  eminent  physician,  H.  von  Meyer,  and 
Burmeister,  belong  to  enormous  Sauro-batrachians,  or  ani- 
mals allied  both  to  Crocodilians  and  the  Frog-tribe.  The 
principal  fossils  consist  of  portions  of  the  cranium,  jaws 
with  numerous  teeth,  and  an  occipital  bone,  with  a  double 
articulating  surface,  —  a  proof  of  its  batrachian  affinity. 
Teeth,  portions  of  the  skull  and  jaws,  and  a  few  other 
bones,  of  similar  extinct  Sauro-batrachian  or  Labyrinthodont 
reptiles  have  also  been  found  in  Warwickshire,  and  have 
been  described  by  Professor  Owen. 

11.  The  Labtbintuodon.* — The  teeth  of  the  gigantic 
reptile  of  Wirtemberg  t  (some  of  which  are  two  inches  loag), 
and  those  from  Warwickshire,}  are  of  a  gently  curved  coni- 
cal shape,  and  possess  a  remarkable  complicated  character, 
produced  by  the  convergence  of  numerous  labyrinthine  folds 
of  the  external  layer  of  cement  towards  the  pulp-cavity ;  and 
within  these  inflections  the  dentine,  or  tooth-ivory,  is  simi- 
larly disposed.  Transverse  sections,  therefore,  display  the 
most  beautiful  interfoldings  of  the  two  substances ;  and,  as 
the  fossils  are  generally  deeply  coloured  by  iron  or  manga- 
nese, they  exhibit,  under  a  slightly  magnifying  power,  an 
extremely  interesting  appearance ;  §  this  peculiarity  of  or- 
ganization suggested  the  name  assigned  to  this  peculiar 
genus  of  fossil  reptiles. 

From  the  structure  of  the  cranium,  it  appears  that  the  Lab3rrinthodon, 
of  which  there  are  six  English  species,  had  subterminal  nostrils  leading  to  a 


*  Medals  of  Creation,  vol.  ii.  p.  741. 

t  Dr.  Jaeger  gave  the  names  of  Salamandroide$  and  MaaiodontoMountg 
to  the  Labyrinthodont  animal  of  Wirtemberg. 

X  Accojtling  to  Prof.  Ramsay  (Joum.  Geol.  Soc.  vol.  xi.  p.  198), 
some  at  least  of  the  Labyrinthodont  remains  found  in  Warwickshire 
occur  in  Permian,  and  itot  Tria&sic  stratn. 

•  Medals  of  Creation,  vol.  ii.  \\  744,  P..  A  L  fig.  3.  Sec  Pro  .  Owen's 
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vide  and  shallow  nasal  cavity,  separated  from  the  cavitj  of  the  mouth  hy  a 
broad  and  almost  continiious  horizootal  palatal  flooring.  It  is,  therefore, 
ioferred  that  these  reptiles  breathed  air  like  the  crocodiles,  and  were  pro- 
bably furnished  with  well-developed  ribs :  thus  these  early  representa- 
tives of  the  Batrachians  belong  to  a  higher  condition  of  structure  than 
any  tme  B&trachia  now  known  to  exist.*  These  gigantic  Sauro-ba- 
traduana  must  have  borne  the  same  relation  in  magnitude  to  the  diminu- 
tive existing  members  of  the  frog-tribe,  as  the  extinct  colossal  Mosa* 
aaur  and  IgaanodoQ  to  the  recent  Monitors  and  Iguanas.t 

Cladyodon,  —  Several  detached,  pointed,  trenchant,  re- 
curred teeth,  the  crowns  of  which  are  an  inch  long,  and 
five  lines  broad  at  the  base,  have  been  found  in  the  War- 
wickshire sandstone.  They  closely  agree  with  the  teeth  of 
the  Thecodont  reptiles  of  the  Permian ;  but  Professor  Owen 
regards  them  as  genericallj  distinct,  and  has  named  the 
reptile  to  which  they  belonged  the  Cladyodon^X 

12.  Bhtkchosaubus. — The  Kew  Bed  sandstone  quarries 
at  Orinsill,  in  Warwickshire,  have  yielded  the  remains  of  a 
very  anomalous  modification  of  reptilian  organization,  com- 
bining the  lacertian  type  of  skull  with  edentulous  jaws. 
The  general  aspect  of  the  cranium  resembles  that  of  a  bird 
or  turtle;  the  intermaxillary  bones  being  very  long,  and 
curving  downward,  thus  imparting  to  the  fore-part  of  the 
bead  the  profile  of  a  parrot.  There  are  no  teeth  apparent  in 

descriptions  and  figures,  Geol.  Trans.  2  ser.  vol.  vi. ;  Odontography ,  p. 
195;  and  Cyekp.  Anat.,  Art.  Teeth, 

*  "As  in  the  existing  diversified  order  of  Batrachia,  one  family 
{Peremnibfxmehkaa)  represents  Fishes, ~a  second  (Cpct/uiAp),  Serpents, 
— a  third  genus  (JP^),Chelonians, — and  a  fourth  (Sakunandra)^  Lizards, 
— ao  would  the  now  lost  Labyrinthodonts  have  formed  Batrachian  repre- 
sentatives of  the  highest  order  of  Reptiles,  viz.  the  Crocodilians." — Prof, 
Owen,  in  Brit.  A$»oe,  Rep,  1841,  p.  197. 

t  The  relative  proportions  of  all  these  great  reptilian  monsters  can  be 
easily  studied  in  the  Crystal  Palace  Gardens,  where  Mr.  Waterhouse 
Hawkins  has  so  boldly,  truly,  and  artistically  wrought  into  tangible 
afa&pe  the  ideas  of  the  comparative  anatomist. 

{  Beport  on  British  Fossils,  Rep.  for  1841,  p.  155. 
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either  jaw,  and  PK)feB8or  Owen  supposes  that  this  reptile 
may  have  had  its  jaws  encased  hy  a  bony  or  homy  sheath, 
as  in  turtles.  Footmarks  of  a  small  reptile,  with  the  print 
of  a  hind-toe  pointed  backwards,  occur  on  the  surface  of 
some  of  the  slabs  of  sandstone  in  these  quarries,  and  are, 
with  much  probability,  conjectured  to  have  been  impressed 
by  the  Bhynchosaurus.* 

13.  DiCTKonoK. — Although  the  geological  position  of 
the  strata  whence  the  specimens  were  obtained  is  somewhat 
uncertain,  yet  the  relation  between  the  reptiles  whose  re- 
mains I  am  about  to  describe  and  that  last  mentioned  in- 
duces me  to  notice  them  in  this  place.  The  fossils  in  ques- 
tion were  collected  by  Mr.  Bain,  in  hard  limestone-nodules 
occurring  in  a  sandstone,  supposed  to  belong  to  the  Triassic 
system,  in  South  Africa,!  and  were  sent,  with  many  other 
specimens  of  undescribed  reptiles,  to  the  Geological  {Society. f 
The  principal  remains  hitherto  cleared  from  the  rock  belong 
to  reptiles  having  a  flat  cranium,  with  nostrils  divided  as 
in  lizards,  and  not  confluent  as  in  turtles,  which  otherwise 
the  skull  in  its  general  appearance  much  resembles.  The 
orbits  are  very  large ;  the  jaws  are  edentulous,  as  in  the 
lihynchosaurus  above  described,  with  the  exception  that  the 
upper  jaw  possesses  a  pair  of  long  tusks  §  implanted  in  sock- 
ets, like  those  of  the  Walrus.  The  vertebrsB,  as  in  most  of 
the  extinct  saurians,  are  sub-biconcave.  This  marvellous 
type  of  reptilian  structure  is  perfectly  unique. 

*  Cambridge  Philosophical  Transact,  voU  vii.  p.  355 ;  Medals,  p.  713. 

f  See  Mr.  Bain's  Memoirs  on  the  Geology  of  this  region,  and  Prof. 
Owen's  detailed  descriptions  of  the  sererai  species  of  Dicynodon,  in  the 
7th  Tol.  of  the  Geol.  Transact.  2nd  series,  1845-57 ;  and  in  the  Detcript. 
Catal.  Foss.  Rept.  and  Pisces,  Roy.  Coll.  Surgeons,  1854,  p.  80.  See 
also  Medals,  vol.  ii.  p.  714,  &c 

t  This  collection  has  been  deposited  in  the  British  Museum;  and 
several  of  the  specimens  have  been  perfectly  cleared  by  Mr.  Dew,  and 
others  will  be  exposed  before  long. 

§  Hence  the  name  Dicynodon,  '*  two  canine  teeth." 
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The  Aero9auru8  is  another  extraordmarj  fossil  reptile 
from  the  same  locality.  It  has  thirty  or  forty  teeth  on  the 
alreolar  ridge ;  and  a  broad  process  of  the  malar  bone  ex* 
tending  downwards  over  the  side  of  the  lower  jaw,  as  in  the 
&lyptodon  (seep.  171).  Prof.  Owen  has  described  specimens 
of  the  vertebne  of  three  other  genera  of  great  fossil  Lacer- 
tia  firom  the  same  peculiar  South  African  formation.  These 
are  the  Ma^aotpondylus^  PachifspondyluSj  and  Leptoipondylus ; 
collected  by  Dr.  Orpen,  in  the  Drakenberg  Mountains.* 

14.  IcnKOLiTES,  OR  FoBSiL  FooTSTEPS.  —  Some  yeard 
ance,  the  attention  of  geologists  was  excited  by  the  disi 
corery  of  impressions  of  the  footsteps  of  quadrupeds  on  the 
sur&ce  of  the  red  sandstone  f  at  Corncockle  Muir,  in  Dum- 
frie8shire4  The  imprints  resemble  those  made  by  the  paws 
or  pats  of  land-tortoises.  Entire  tracks  of  these  imprints, 
indicating  the  slow  progression  of  a  four-footed  animal,  ap- 
pear on  some  of  the  slabs.  On  one  block  of  sandstone  there 
were  twenty-four  consecutive  impressions  of  feet,  forming  a 
regular  track,  with  six  distinct  repetitions  of  the  marks  of 
each  foot,  the  fore-feet  differing  from  the  hind-feet ;  the  ap*. 
pearanoe  of  five  claws  was  discernible  in  each  fore-paw.  The 

•  Descript.  Catal.  Coll.  Surg.  1854,  p.  97. 

t  The  red  sandstone  of  Corncockle  Muir  was  formerly  referred  to  the 
New  Red  Series;  but  the  researches  of  Mr.  Binney  and  Prof.  Harkness 
hare  shown  that  the  several  patches  of  red  sandstones  in  the  South  of 
Scotland,  excepting  that  of  Annan,  are  of  Permian  age.  Quart.  Jounu 
Geol.  Soc.  Tol.  zii.  pp.  138,  and  254. 

X  Account  of  the  Marks  of  Footsteps  of  Anin^als  found  impressed  on 
Sandstone ;  by  the  Rev.  H.  Duncan,  D.D.,  Edinburgh,  Trans.  Royal  Soc. 
voL  xi.  1828.  Numerous  fossil  foot-tracks  from  the  quarries  at  Corn- 
cockle Mnir  are  beautifully  illustrated,  of  natural  size  and  colours,  in 
Sir  W.  Jardine's  magnificent  "  Ichnology  of  Annandale ; "  and  Prof. 
Harkness  has  described  others  in  the  '*  Annals  of  Nat.  Hist."  for  185 U 
In  Mr.  Morris's  "  Catalogue  of  British  Fossils,"  1854,  p.  355,  is  a  very  per: 
feet  Synopsis  of  all  the  fossil  foot-prints  hitherto  found  in  the  British 
strata :  but  "  Permian  "  must  be  substituted  for  "  Trias  "  in  the  case  of 
the  Oomcockle  and  Dumfries  specimens. 
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observations  already  offered  on  the  ripple-marks  on  sand- 
stone (see  p.  382)  render  it  unnecessary  to  explain  the  pre- 
servation of  imprints  of  this  nature.  Similar  appearances 
have  since  been  observed  on  the  Triassic  sandstone  near 
.  Stourton  and  Kuncom  in  Cheshire,  and  in  several  places  in 
Germany,  but  no  bones  of  tortoises  have  been  discovered  in 
these  strata. 

A  discovery  of  a  like  nature  was  made  soon  afterwards  in 
the  New  Bed  sandstone  near  Hildburghau8en,  in  Saxony. 
Numerous  imprints  of  the  feet  of  some  large  quadrupeds, 
having  the  fore-paws  much  smaller  than  the  hinder,  were 
observed  on  the  exposed  surflEuses  of  some  slabs  of  rippled 
sandstone:  and  similar  footsteps  have  been  found  in  the 
quarries  at  Stourton,  Taporley,  and  Lymm  in  Cheshire,  at 
Annan  in  South  Scotland,  and  near  Warwick.  These  im- 
prints are  on  the  face  of  each  successive  layer  of  stone ;  and 
on  some  of  the  slabs  not  only  are  there  foot- prints  of  various 
kinds  of  animals  that  walked  over  the  stone  when  it  was  in 
the  state  of  soft  sand,  but  also  the  impressions  of  rain-drops. 
Some  of  the  recently  exposed  surfaces  present  a  blistered 
or  warty  appearance,  being  covered  either  with  little  hemi- 
spherical eminences,  or  with  depressions ;  and  these,  upon 
an  accurate  investigation  of  the  phenomena,  prove  to  hrve 
been  the  effect  of  rain,  which  fell  while  the  surface  wad 
soft  and  impressible.  On  many  of  the  slabs  the  forms  of 
the  rain-drops  and  of  the  foot-prints  appear  in  relief,  being 
casts  of  the  surface  upon  which  the  impressions  were  made ; 
while  on  the  clay  corresponding  hollows  are  apparent  (as  in 
Lign,  133). 

Chirotherium, — The  foot-prints  found  on  the  sandstones 
and  shales  above  referred  to  are  of  various  kinds ;  some  ap» 
pear  to  have  been  produced  by  small  reptiles  and  crusta- 
ceans; but  the  principal  markings  are  referable  to  some 
large  quadruped,  in  which  the  fore-feet  were  much  smaller 
than  the  hinder  {lAgn.  132).     From  the  supposed  resem- 
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bbince  of  these  imprints  to  the  shape  of  the  human  hand,  the 
name  of  Chirotherium  was  adopted  to  designate  the  animals 
which  left  these  enigmatical  "  footsteps  on  the  sands  %i 
Time."     Since  the  discovery  of  the  bones  of  gigantic  Sauro- 


lA'a.  in.— Wattbai.  caww  or  the  foot- marks  or  the  Lab^  miwthouoji  rcninoTHV 

UOM)  AXD  CAfln  or  BVX-CXACKS.  on  BANIWTOXB;  FSOM  UlLUBirBOHAl'SK.S. 

Ii§.  1, 1,  ImpreakioM  vf  tk«  hinder  feet.    1, 1,  ImpiinU  of  the  fore  feet. 

(Onittithtk  M«  MfMral  mm.; 

[Tkt  imprintt  in  tkit  umatrtt  ar»  tmt  rijlU  tmd  ^ft,  hmt  ft  parU  ^f  tifp  trmdta.^ 

batnchians  m  the  same  strata,  it  has  been  suggested  that 
the  footmarks  were  produced  by  some  of  the  large  Laby- 
rinthodons ;  a  conjecture  highly  probable,  for  the  fore  and 
hind  feet  of  many  of  the  frog-tribe  are  as  dissimilar  in  size 
as  those  of  the  so-called  Chirotherium.* 

15.    ObKITHOIDICHKITES,  OB  fossil  rOOTPBIlTTS  BESEMB- 

Liyo  THOSE  OF  BIBD8.  —  In  the  United  States  of  North 
America,  a  group  of  strata,  which,  as  far  as  the  imperfect 

•  S*^  Dr.  Btickland's  **  Bridgewater  Treatises"  for  figures  and  further 
deUils.  A  fine  series  of  specimens  of  Chirotherian  imprints  are  in  the 
Brit.  Mus.  Collect  Petrifactioiu,  p.  63.  See  also  Geol.  Transact.  2 
ser.  Tol.  tL  p.  537,  and  Geol.  Soc.  Joum.  vol.  ix.  p.  37. 
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evidence  afforded  bj  their  fossils  can  show,  appear  to  belong, 
to  the  Triassic  system,  occur  in  the  valley  of  the  Connecti- 
cut river,  stretching  through  the  states  of  Connecticut 
and  Massachusetts ;  and  a  band  of  similar  deposits  ranges 
from  beneath  the  Falisadoes  of  the  Hudson  to  the  inte- 
rior of  Virginia.*  The  materials  are  red  shale  anil  argil- 
laceous sandstone,  with  detached  beds  of  conglomerate.f  It 
is  on  the  surface  of  the  laminated  argillaceous  sandstones  of 
this  system,  and  principally  in  the  valley  of  the  Connecticut, 
that  occur  those  mysterious  characters  on  which  the  saga- 
city and  unremitting  labours  of  Professor  Hitchcock  have 
thrown  so  much  light ;  ^  .but  still  the  nature  of  the  animals 
by  which  the  foot-prints  were  made  is  involved  in  obscurity, 
for  no  vestiges  of  the  skeletons  of  the  bipeds,  the  linea- 
ments of  whose  feet  are  so  vividly  apparent,  have  been  dis- 
covered. § 

The  origin  assigned  to  these  markings  was  for  a  lung  while  disputed, 
but  Professor  Hitchcock's  interpietation  is  now  generally  admitted ; 

*  When  the  fossils  of  these  Virginian  sandstones,  shales,  and  coal-beds 
are  taken  in  consideration,  the  peculiar  group  of  strata  above  alluded  to 
must  be  regarded  as  having  much  of  the  character  of  the  Lower  Jurassic 
series  of  the  North  British  area.    See  above  p.  519. 

t  Professor  Henry  Rogers*  Address  at  the  Meeting  of  the  Association 
of  American  Geologists,  May.  1844. 

X  The  reader  is  referred  to  Professor  Hitchcock's  "Report  on  the 
Geology  of  Massachusetts,"  to  Dr.  Buckland's  *'  Bridgewater  Treatise," 
to  the  **  American  Journal  of  Science,"  Transact.  Americ.  Phil.  See. 
new  ser.,  and  Trans.  Amer.  Acad.  Arts  and  Sciences,  for  many  inter- 
esting papers  by  Dr.  Deane  (who  first  drew  Professor  Hitchcock's  at- 
tention to  the  subject)  and  other  American  naturalists ;  and  to  the  *'  Me- 
dals of  Creation,"  p.  768  ;  and  "  Petrifactions,"  p.  64. 

i  Reptilian  remains  occur  in  the  lied  Sandstones  of  North  America, 
(namely,  the  Clepsysaurus,  Gentemodon,  and  Baihygnathus,  Geol.  Soc. 
Joum.  vol.  xii.  p.  377).  Dr.  Emmons  has  described  the  bone  of  a  bird  from 
the  Chatham  coal-field,  in  Carolina,  probably  of  nearly  the  same  age  ;  and 
numerous  relics  of  reptiles  (Diciyosaurus,  Omosaurus  and  Rutiodon  or 
Clepsysaurus,  and  Compsosaurus  or  Palseosaurus),  and  some  bnmll  Mam- 
malian jaws  from  beds  of  Permian  (?)  age.  Americ.  Geol.  part  vi.  1857. 
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ilumgh  the  discoTery  of  bones  of  biids  in  etrata  of  this  epoch  is  required 
before  the  question  can  be  regarded  as  determined.  The  number  and 
varieij  of  these  footsteps  are  so  considerable,  that  in  1853  Professor 
Hitdioock  considered  he  had  sufficient  data  to  warrant  their  arrangement 
in  nnmerons  genera,  comprising  upwards  of  fifty  species,  rarying  in  size 
from  half  an  inch  to  twenty  inches  in  length ;  the  greater  part  being  re- 
ferable to  bipeds ;  whilst  about  a  dozen  quadrupeds  can  be  recognised, 
most  of  them  with  the  hind-feet  much  larger  than  the  fore-feet.*  The 
sbundance  of  foot-prints  on  the  Connecticut  sandstones  is  explained  by 
supposing  the  strata  to  have  originated  from  sediments  deposited  in  a 
tidal  estnary ;  and  that  various  kinds  of  birds  and  reptiles  frequented  the 
k>w  muddy  shores,  when  the  tide  receded,  in  pursuit  of  worms  and  other 
prey;  and  that  their  footsteps  were  coTeied  with  a  thin  layer  of  silt  at 
each  reflux  of  the  waves. 

The  following  remarks  of  Dr.  Deane  will  convey  an  idea  of  the  colossal 
proportions  of  some  of  these  imprints : — *'  I  have  in  my  possession  con- 
secntive  impressions  of  a  tridactylous  foot  which  measures  eighteen  inches 
in  length,  by  fourteen  in  breadth,  between  the  extremities  of  the  lateral 

toes Each  step  will  hold  half  a  gallon  of  water,  and  the  stride  is 

foor  feet."  The  original  bird  must  have  been  **  four  or  five  times  larger 
than  the  African  Ostrich*  and,  en  this  basis,  could  not  have  weighed  less 

than  600  pounds Every  step  the  creature  took  sank  deep  into  the 

stratum,  and  the  sub-strata  bent  beneath  the  enormous  load.  If  an  ox 
walk  over  stiffened  clay,  he  would  not  sink  so  deeply  as  did  this  mighty 
lHrd."t 

SirC.  Lyell  mentions  having  seen  on  the  banks  of  the  Connecticut 
river  (at  Smith's  Ferry,  near  Northampton,  eleven  miles  from  Springfield) 
"  a  space  several  yards  square  where  the  entire  surface  of  the  shale 
was  irregular  and  jagged,  owing  to  the  number  of  footsteps,  not  one  of 
which  could  be  traced  distinctly,  as  when  a  flock  of  sheep  have  passed 
over  a  muddy  road  ;  but,  on  withdrawing  from  this  area,  the  confusion 
gradually  ceased,  and  the  tracks  became  more  and  more  distinct."  X 

Some  fine  slabs  of  the  sandstone,  coTered  with  several 
tracks  of  bipeds  of  various  sizes,  collected  by  Dr.  Deane, 
are  deposited  in  the  British  Museum.    A  representation  of 

•  See  "Final  Report  on  the  Geology  of  Massachusetts,"  p.  477; 
*'  Elementary  Geology,"  p.  155 ;  and  *'  Geology  of  the  Globe,"  p.  98. 
f  Boston  Journal  of  Nat.  Hist.  vol.  v.  p.  282. 
{  Travels  in  North  America,  vol.  1.  p.  254. 
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one  of  the  small  imprints  of  the  natural  size,  with  the  sur- 
face of  the  stone  marked  with  hemispherical  pits  produced 
hy  a  shower  of  rain,  is  given  in  Li^n.  133. 


LtON.  183.— FOOT-VAKK  OF  A  BIFBD,  AXD  IWPRK«910ir9  OF  BAIN  liROrH;  Olft 
Handitoae ;  MaiMehaietts  nnt.  $*»*_•. 
^AmurieoH  J—m.  9ei0»e»,  Tol.  xlrl.  p.  73.1 

The  enormous  magnitude  of  some  of  the  foot-prints  was 
formerly  deemed  an  insuperahle  objection  to  the  interpret- 
ation of  these  obscure  vestiges  adopted  hj  the  American 
naturalists;  but  the  discovery  of  the  bones  of  tridactyle 
birds  {Mooy  see  p.  129)  in  the  alluvial  deposits  of  New 
Zealand,  some  of  which  indicate  a  size  equal  to  that  of  the 
most  colossal  of  the  fossil  imprints,  has  removed  that  objec- 
tion, and  shown  that  in  comparatively  modem  times,  the 
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earth  was  trodden  by  birds  as  gigantic  as  the  bipeds  that 
strode  along  the  shores  of  the  Triassic  waters. 

I  must  not,  however,  dwell  longer  on  this  inviting  sub- 
ject, and  will  only  add,  that,  while  offering  my  humble  tri- 
bute of  admiration  to  the  sagacity  and  patience  with  which 
the  subject  has  been  investigated  by  Professor  Hitchcock 
and  others,  and  fully  admitting  the  close  resemblance  of  the 
bipedal  fossil  foot-prints  to  thos(*  of  birds,  I  consider  the  fol- 
lowing caution  of  Professor  Owen  to  be  deserving  of  the 
most  serious  attention :  —  "  Foot-prints  alone,  like  those 
termed  '  Omithiehnites,'  are  insufficient  to  support  the  in- 
ference of  the  possession  of  the  highly  developed  organiza- 
tion of  a  bird  of  flight  by  the  creatures  which  have  left  them. 
The  Bhynchosaur  and  biped  Pterodactyles  already  warn  us 
how  closely  the  ornithic  type  may  be  approached  without 
the  essential  characters  of  the  Saurian  being  lost.  By  the 
Chirotherian  Ichnolites  we  learn  how  closely  an  animal,  in 
all  probability  a  Batrachian,  may  resemble  a  pedimanous 
mammal  in  the  form  of  its  foot-prints."  f 

16.  Teiassic  Mammal. — Before  leaving  the  subject  of 
the  Trias,  we  must  again  allude  to  the  "Bone-bed,*' ^  so  closely 
related  to  the  Lias  in  England,  but  decidedly  Triassic  in 
character  on  the  Continent.  At  Stuttgard,  among  other  very 
interesting  fossils,  it  has  yielded  to  the  researches  of  Dr. 
Plieninger  two  minute  mammalian  teeth  {Microlestes  anti' 
quui).  These  have  been  described  and  figured  in  the 
"  Nova  Acta,"  §  1850,  and  in  Sir  C.  Lyell's  "  Manual." 

*  The  clooe'resemblance  of  many  of  these  North  American  foot-marka  to 
those  made  by  recent  birds  is  most  striking.  Sir  G.  Lyell,  in  his  *'  Tra- 
Teb  in  North  America  *•  (vol.  ii.  p.  168,  pi.  7),  has  placed  this  corre- 
spondence, I  might  almost  say  identity,  in  a  strong  point  of  view,  by  giving 
fijnires  of  recent  foot-marks  of  the  Sandpiper  on  hardened  red  mud,  from 
the  Bay  of  Pundy ;  these  specimens  are  now  in  the  British  Museum  and 
the  Geological  Society's  Collection,  for  comparison  with  the  fossil  imprints, 
f  Brit.  Assoc.  Rep.  1841,  p.  203.  %  See  above,  p.  524 

\  Nov.  Act.  Ces.  Acad.  Nat-  Cur.  vol.  xxil.  p.  902,  pi.  71,  fig.  14  hud  15- 
2  o 
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Taken  in  connection  with  the  little  fossil  Mammals  from 
Stonesfield  and  Purbeck,*  and  with  Dr.  Emmons's  speci- 
mens from  North  Cah)lina  (which  last  are  probably  more  an- 
cient than  the  Mierolettes),  these  afford  evidence  of  the  exist- 
ence of  a  marsupial  fauna  during  the  secondary  epoch. 

17.  The  Febmiajt  Fobmatioit. — ^The  group  of  strata  thus 
designated  was  formerly  termed  the  Lower  New  Bed,  or 
Magnesian-limestone  formation.  It  comprises  the  Bunter- 
Schiefer,  Zechstein,  Kupfer-Schiefer,  and  Bothliegendes  of 
the  Germans ;  that  is,  all  the  deposits  intervening  between 
the  Carboniferous  and  the  Triassic  systems.  Like  the  Trias, 
it  consists  of  a  triple  series  of  deposits,  namely,  1.  Conglomer- 
ates, sands,  and  clays ;  2.  Limestones ;  8.  Sands  and  clays. 
The  clays,  sandstones,  and  conglomerates  are  more  or  less 
coloured  by  oxides  of  iron,  and  are  associated  with  pyritous 
shales,  gypsum,  salt,  &c. ;  some  of  the  limestones,  containing 
a  large  proportion  of  magnesia,  are  known  as  Dolomite,^  and 
others,  retaining  a  strong  animal  odour,  are  termed  Slink' 
stein.  This  system  being  palsontologically  characterized  by 
a  peculiar  type  of  organic  remains,  and  by  the  absence  of 
nearly  every  species  that  occurs  in  the  newer  or  overlying 
formations,  the  Permian  is  ranked  as  the  last,  or  uppermost, 
of  the  palffiozoie  system.     (See  Synopsis,  p.  203.)  % 

•  See  above,  p.  394  and  p.  506. 

t  The  crystalline  calcareo-magneaian  rock  (termed  Dolomite,  from  M. 
Dolomieu,  who  first  pointed  out  its  minenilogical  character)  has  the 
same  external  aspect  as  granular  limestone ;  but,  instead  of  being  a  pure 
carbonate  of  lime,  contains  from  45  to  GO  per  cent,  of  carbonate  of  mag- 
nesia. 

X  M.  Pictet  has  shown,  in  the  4th  rolume  of  his  new  edition  of  "  Pa^ 
Uontologie,"  pp.  577  and  579,  that  the  proportion  otgentric  forms  passing 
from  the  earlier  periods  to  the  Permian  is  56  per  cent.;  whilst  of  those 
received  by  the  Trias  from  older  periods  the  proportion  is  only  33  per 
cent.  He  considers  that  the  palseontological  difference  of  the  Carboni- 
ferous period  and  the  Permian  may  be  approximatively  indicated  by 
**53,"  whilst  "  60  '*  may  indicate  that  between  the  Permian  and  Trios. 
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la  llw  oentnl  part  of  England,  and  extending  from  Uie  neighbourhood 
of  Nottin^iain  to  the  eouth-eastem  extremity  of  Northumberland,  red 
Baria,  sandstones,  and  breccias  form  the  lowermost  Permian  strata,  and 
are  regarded  as  the  equivalents  of  the  Rothliegendet  of  Germany ;  a  term 
applied  to  a  group  of  red  sandstones  and  conglomerates,  accompanied 
with  porphyry  and  other  old  Tolcanic  rocks,  that  constitutes  the  base  of 
the  Permian  series  of  the  Ck>ntinent.  Upon  these  lower  red  sandstones 
are  magneaian  limestones,  upwards  of  300  feet  in  total  thickness,  cor- 
responding with  the  Stinittein,  RaudMoacke^  and  Zech^Uin  of  Germany. 

In  the  North  of  England  the  Permian  formation  is  well  developed, 
having  four  or  more  distinct  members,  and  attaining  about  1000  feet  of 
ihiekneas.*  In  the  Midland  Counties,  the  calcareous  element  is  almost 
absent  in  the  series,  sandstones  predominating,  and,  with  the  associated 
marH  making  a  thickness  of  upwards  of  1500  feeUf  Still  further  south 
and  w€8t  the  formation  rapidly  attenuates,  and  is  represented  by  thin 
bands  of  sandstone  and  conglomerate,  or  breccia. 

In  Somersetdiire,  and  the  adjacent  country  around  Bristol,  beds  of 
cciiiglomerate,^  formed  of  the  debris  of  older  rocks,  held  together  by  a 

• 
*  Mr.  Binney  has  described  the  Permian  beds  of  the  North-West  of 

England  (Mem.  LiL  Phil.  Soc  Manchester,  vols.  xii.  and  xiv.)  as  con- 
sisting of,  1.  (at  top)  Red  and  variegated  gypsiferous  marls  (300  ft. 
thick) ;  2.  Magnesian  limestone  (10  ft.) ;  3.  Ck)ngIomerate  (350  ft.) ; 
4.  Bed  sandstones  and  marls  (500  ft.).  Below  these  is  the  red  and  varie- 
gated sandstone  of  Whitstable,  which  Mr.  Binney  is  disinclined  to  re- 
gard as  Permian. 

In  the  "  Annals  Nat.  Hist."  2  ser.  vol.  xix.  p.  33,  Ac,  Mr.  R.  Howse 
describes  the  Permian  series  in  Durham  as  consisting  of,  1.  (at  top)  Red- 
dish sandstone  (Lower  Bunter?);  2.  Upper  yellow  limestone  (100  ft. 
thick);  3.  Botryoidal  limestone  (150  ft.);  4.  Cellular  limestone  and 
shell-limestone  (150  ft.)  ;  5.  Compact  limestone  and  conglomerate  (200 
ft.)  ;  6.  Marl-slate  (3  feet).  These  are  underlaid  by  sand  and  red  sand- 
stone, which,  containing  fish-remains  and  plants  of  species  proper  to 
the  Coal-measures,  aie  referred  by  Mr.  Howse  to  the  Carboniferous  se- 
ries, though  hitherto  regarded  as  the  equivalent  of  the  Both-liegendes. 

t  See  Mr.  Jukes's  description  of  the  structure  of  the  South  Stafford- 
shire Coal-field,  in  the  "  Records  of  the  School  of  Mines,"  vol.  i.  p.  160 ; 
and  Prof.  Ramsay's  Notice  of  the  Permian  rocks  near  Bridgenorth,  Quart. 
Geo].  Joum.  vol.  xi.  p.  188. 

X  Mem.  Geol.  Surv.  vol.  L  p.  239.  See  Mr.  Sanders's  observations  on 
the  poosibly  Triaasic  age  of  this  oonglomeiate,  Brit.  Assoc.  1849,  Sect.  p.  65. 
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dolomitic  cement,  are  spread  unconforynably  over  the  carboniferous 
strata,  filling  up  the  irregularities  and  hollows  of  the  surface  of  the 
mountain-limestone,  &c.,  occasioned  by  the  dislocations  and  fractures 
which  those  rocks  had  sustained  by  disturbing  forces,  before  the  deposi- 
tion of  the  Permian  deposits.  This  conglomerate  is  made  up  in  great 
part  of  pebbles  and  fragments  of  mountain-limestone,  millstone-grit,  coal- 
shale,  and  other  detritus  of  the  strata  on  which  it  reposes ;  and  contains 
fractured  and  water-worn  bones  of  Saurians,  teeth  of  fishes,  &c.  It  is 
well  displayed,  overlying  the  coal-strata  and  mountain-limestone,  near 
Clifton  in  the  valley  of  the  Avon,  and  at  Portishead,  and  other  places  in 
the  vicinity.* 

In  Devonshire  is  a  peculiar  conglomerate  or  breccia,  referred  by  Sedg- 
wich  and  De  la  Beche  to  the  Permian  formation,  and  the  structural  cha- 
racters of  which  point  to  the  probable  fact  of  eruptions  of  lava  having 
been  locally  discharged  into  tHe  Permian  sea,  and  to  have  cemented  toge- 
ther the  water-worn  materials,  so  as  to  form  a  trap-conglomerate; — such, 
at  least,  seems  to  have  been  the  origin  of  the  amygdaloidal  trap,  as  it  is 
termed,  in  the  vicinity  of  Exeter.f  A  few  miles  to  the  south  of  that 
city,  masses  of  a  rock  of  this  kind  are  interposed  between  beds  of  sand- 
stone ;  the  general  appearance  of  the  ston^  is  that*  of  a  granular  rock, 
somewhat  loosely  compacted,  of  a  purplish-brown  colour,  interspersed 
with  minute  portions  of  calcareous  spar,  mica,  and  indurated  clay  tinged 
by  copper  or  manganese.  It  is  full  of  small  ovoidal  cells,  which  are 
either  filled  or  lined  with  manganese,  calc-spar,  or  jasper;  a  structure 
termed  in  geology  amygdaioidaly  or  almond-like :  the  substance  of  the 
rock  is  an  earthy  felspar. 

Another  interesting  feature  of  the  Permian  series  is  a  breccia,  or  con- 
glomerate of  pebbles  and  angular  stones  imbedded  in  a  red  marly  matrix,^ 
belonging  to  the  lower  portion  of  the  series,  and  occurring  over  a  large 
extent  of  country  in  Worcestershire  and  South  Staffordshire.  It  con- 
sists of  more  or  less  worn  fragments  of  quartz,  slates,  traps,  sandstones, 
and  fossiliferous  rocks,  many  of  which  are  traceable,  in  Prof.  Ramsay's 
opinion,  to  parent-rocks  in   the  Welsh  border-country,  sometimes  50 

*  The  dolomitic  conglomerates  near  Bristol  and  on  the  Mendip  Hills 
are  ably  described  by  Buckland  and  Conybeare,  Geol.  Trans.  2nd  ser. 
vol.i.  p.  291. 

t  Geology  of  England  and  Wales,  p.  294 ;  Geol.  Proceed,  vol.  ii.  p. 
196 ;  De  la  Beche's  Report,  Devon,  &c.,  p.  203. 

X  Phillips,  Mem.  Geol.  Survey,  vol.  ii.  part  i.  p.  112;  Ramsay,  Quart. 
Geol.  Journ.  vol.  xi.  p.  155,  and  Notices,  Roy.  Inatit.  April  24th,  1857. 
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miles  distant.  From  this  circumstance^  and  on  account  of  the  size, 
angnlarity,  smoothness,  and  striated  appearance  of  many  of  the  stones, 
Prof.  Bamsay  considers  thai  they  could  have  been  transported  and 
brongfat  together  only  by  the  agency  of  floating  ice ;  just  as  the  boulders 
of  the  Plebtocene  drift  *  are  acknowledged  to  have  been  borne  from  great 
distaDces  and  accumulated  by  means  of  icebergs  and  coast-ice. 

18.  Maofsbiajt  Lihestofe  os  Dolomite. — The  mag- 
nenan  limestone  of  England  is  regularly  stratified,  and, 
when  recentlj  exposed,  has  a  granular  or  saccharine  struc- 
ture, with  a  glimmering  lustre;  the  colour  is  generally 
either  a  pale-fawn,  salmon,  or  yellow,  from  hydrate  of  iron, — 
or  red,  from  oxide  of  iron.  The  hard  varieties  yield  some  of 
the  best  building-stone  in  England-f 

In  many  places  the  limestone  occurs  in  large  concretional  and  botry- 
oidal  masses ;  the  concretions  rarying  from  the  ^ize  of  small  peas  to 
that  of  laiige  cannon-balls;  and  these  are  often  grouped  together  like 
bandies  of  grapes,  or  masses  of  chain-shot.  On  the  coast  of  Durham, 
the  whole  cliff  is  made  up  of  large  concretional  clusters,  resembling  piles 
of  cannon-balls.  This  phenomenon  is  best  seen  near  Sunderland,  and  along 
the  shore  near  Marsden  and  Black  Rocks ;  where  it  is  associated  with 
other  curious  snd  interesting  modifications  of  concretional  action.  {  These 
mnsBcw  offer  a  beautiful  illustration  of  spheroidal  structure,  superinduced 
on  stratified  detritus  after  iU  depoiUion;  for  the  sedimentary  larainea 
paas  through  the  globular  concretions  uninterruptedly.  The  limestone  h 
commonly  traversed  by  Teins  and  strings  of  carbonate  of  lime,  and  occa- 
sLonally  contains  hollow  spheroids  of  calcareous  spar  and  crystals  of  sul- 
phate of  strontian  and  barytes.  Galena,  or  sulphide  of  lead,  sulphide  of 
zinc,  calamine,  and  carbonate  of  copper,  also  occur ;  and  some  veins  of 
galena  in  the  Mendip  Hills  have  yielded  profitable  returns.} 

♦  See  vol.  i.  p.  217,  &c. 

t  The  New  Houses  of  Parliament  at  Westminster  are  constructed  ex- 
ternally of  magnesian  limestone,  from  quarries  at  North  Anstone  in 
Yorkshire,  and  near  Worksop  in  Nottinghamshire. 

X  See  an  admirable  Memoir,  "  On  the  Geographical  Relations  and 
internal  structure  of  the  Magnesian  Limestone,*'  by  the  Rev.  Adam 
Sedgwick,  Geol.  Trans.  2nd  Ser.  vol.  iii.  p.  37 

{  Geology  of  England  and  Wales,  p.  304. 
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19.  Pebmiait  of  G-SBMAirr  and  Eubbia.  —  In  Thurin- 
gia*  and  Saxony  the  magnesian  limestone  {StinJutein^  Baueh' 
toacke,  and  Zechstein)  is  largely  developed,  and  is  underlaid 
by  a  thin  band  of  dark  bituminous  shales  highly  charged 
with  copper-pyrites,  which  is  termed  the  Kupfer'Schiefer. 
These  shales  have  long  excited  the  attention  of  naturalists 
from  the  number  and  variety  of  the  fossil  fishes  they  contain, 
and  the  peculiar  mineralized  condition  in  which  these  relics 
occur;  specimens  from  Eisleben  near  Mansfeld,!  a  cele- 
brated productive  locality  of  these  ichthyolites,  are  to  be 
found  in  almost  every  museum  in  Europe.  These  fishes, 
which  principally  belong  to  the  genera  FdlaoniBcuSf  JPy^o^ 
pterus,  and  Flatysomusy  are  generally  in  a  contorted  state, 
apparently  the  effect  of  violent  convulsions  attendant  on 
their  sudden  destruction.  The  appearance  of  a  violent  death 
presented  by  these  Ichthyolites  is  regarded  by  M.  Agassiz 
as  entirely  deceptive :  and  he  states  that  the  bent  and  twisted 
condition  of  the  body  is  solely  attributable  to  muscular  con- 
tractions during  decomposition  after  life  was  extinct.^  The 
specimens  are  splendidly  invested  with  copper-pyrites,  and 
their  scales  often  have  the  appearance  of  burnished  gold. 
The  bodies  of  the  vertebrae  of  the  spinal  column  are  almost 
always  wanting.  § 

The  researches  of  Sir  !R.  Murchison  and  liis  colleagues  || 
have  shown  that  the  Permian  system  in  European  Bussia 

*  The  elaborate  memoir,  by  Sir  R.  Murchison  and  Prof.  Morris,  on 
the  Paleozoic  rocks  of  the  Thuringerwald  and  the  Harz,  comprises  a 
clear  exposition  of  the  relations  of  the  Permian  rocks  of  these  districts. 
Quart.  Joum.  Geol.  Soc.  vol.  xi.  420,  &c. 

t  An  account  of  this  locality,  and  a  geological  Map  of  the  district 
west  of  Halle,  are  given  by  M.  Paul  Herter  in  the  l^ansact.  Nat.  Hist. 
Soc.  of  Halle,  vol.  vr. 

%  Recherches  sur  les  Poissons  Fossiles,  tome  ii.  p.  70. 

}  Medals,  p.  601. 

U  Russia  in  Europe  and  the  Ural,  chap.  riii. 
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consiste  of  strata  similar  to  the  great  group  of  red  and 
Tsriegated  maris,  sandstones,  conglomerates,  and  associated 
magnesian  limestones,  of  England  and  G-ermany,  and  reposes 
on  the  Carboniferous  deposits.  It  extends  over  an  area 
4,000  miles  in  circumference;  a  space  equal  to  twice  the 
surface  of  the  kingdom  of  France. 

The  Permian  deposits  of  Bussia,  which  occupy  so  vast  a 
region  to  the  east  of  the  river  Volga,  namely,  in  the  govern- 
ments of  Kasan,  Yiatka,  Perm,  and  Orenburg,  are  composed 
of  calcareous  flagstones,  with  gypsum,  red  and  green  grits 
and  shells  (with  copper-ores  and  plant-remains)  ;  magnesian 
limestones  and  marlstones;  conglomerates,  red  and  green 
sandstones,  &c.  It  is  worthy  of  remark,  that  the  plant- 
remains,  the  fossil  reptiles,  and  the  coppery  beds  are  in 
Bussia  found  frequently  above  the  great  bands  of  limestone, 
whilst  in  Germany,  on  the  contrary,  they  occur  below  the 
limestones. 

20.  Fossils  op  thb  Pebmian  System. — The  fauna  and 
flora  of  this  formation  are  invested  with  peculiar  interest, 
because  they  present  us  with  the  last  term  of  the  palaeozoic 
creation,  that  ancient  type  of  organic  life  which  prevailed 
from  the  earliest  periods,  affording  any  evidence  of  the  pre- 
sence of  living  things  in  the  waters  or  upon  the  surface  of 
our  planet.  For  the  two  grand  changes  in  the  organic  world, 
aa  demonstrated  by  fossil  remai^s,  are  unquestionably  those 
which  separated  the  palaeozoic  ages  from  the  secondary,  and 
the  latter  from  the  tertiary.  There  are  no  less  than  166 
species  of  fossil  plants  and  animals  from  the  Permian  deposits 
which  have  been  accurately  determined ;  of  these  148  are  un- 
known in  any  other  formation. 

Plants. — The  plants  are  in  great  part  referable  to  genera 
common  in  the  coal-measures,  but  very  rare  or  altogether 
wanting  in  the  formations  above  the  Permian  ;  for  example, 
species  of  Lepidodendron^  Naeggerathia^  Odantopteris,  Feco- 
pterisj  Sphenopteris,  and  Calamites,  indicating  a  continuation 
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of  vegetable  life  of  the  same  nature  as  that  which  prevailed 
during  the  Carboniferous  era. 

Near  Chemnitz,  in  Saxony,  silicified  stems  of  tree-ferns 
(Psaranites)  occur;  numerous  trunks  of  coniferous  trees 
(Araucarites)  are  common  in  the  Sothliegendes  at  Kyf- 
hausen  ;  and  other  plant-remains  are  met  with  near  Zwickau 
and  elsewhere  in  the  same  kingdom.*  At  Alle8ley,t  near 
Coventry,  silicified  trunks  of  coniferous  trees  have  been  found 
in  the  Permian  sandstone  (formerly  referred  to  the  NewEed) ; 
and  other  plant-remains,  such  as  Caulerpites,  Breea,  Lepido^ 
dendron,  and  Calamifes,  are  mentioned  by  Professor  Eamsay ^ 
as  having  also  occurred  in  these  beds  in  Warwickshire. 

21.  Intertsbbata  or  the  Perhiak. — The  Badiaria^ 
Molluaca,  and  Articvlata  occurring  fossil  in  the  Permian  rocks 
of  England  and  Ireland  have  been  described  with  much  care 
by  King,§  Hovrse,)  and  Kirkby,ir  who  enumerate  upwards 
of  130  species.  Tragos,  Dentalina,  Spirillina,  Calamopora, 
Spirorbis,  Cythere,  Prosoponiscus,  Fenestella,  Strophalosia, 
Monotis,  BakeviUia,  Schizodus,  Turbo,  Chemnitzia,  Pleuro* 
tomaria,  and  Nautilus  are  the  principal  genera.** 

22.  Pishes  of  the  Permian. — The  fishes  of  this  system 
comprise  beween  forty  and  fifty  species,  belonging  to  sixteen 
or  seventeen  genera  :tt  most  of  these  genera  and  a  few  of  the 
species  occur  also  in  the  Carboniferous  series  of  rocks.     All 

•  Gutbier'sVerstein.  Permisch.  SysLSachsenjandGeinitz'sSteinkohl. 

t  Geol.  Troceed.  yoI.  ii.  p.  439. 

I  Quart.  Geol.  Joura.  vol.  ix.  p.  198.  Prof.  King  enumerates  seven 
Permian  plants  in  his  Monograph,  Pal.  Soc.  1856. 

§  Monograph,  Paleontog.  Society,  1850;  and  Ann.  N.  H.  vol  xvii. 

|{  Annals  Nat.  HUt.  1857,  vol.  xiu.  pp.  33,  304,  and  463. 

^  Quart.  Joum.  Geol.  Soc.  vol.  xiii.  p.  213. 

**  A  comparative  table  of  the  fossil  animals  of  the  Permian  system,  as 
far  as  known  in  1845,  is  given  in  the  *'  Geology  of  Russia/'  vol.  i.  p.  221 . 
Schlotheim,  Reuss,  Schanroth,  Ac.  have  described  the  Permian  fossils  of 
Germany. 

ft  About  seven  of  these  genera  occur  in  the  Permian  rocks  of  England* 
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the  ichthjolites  of  this  group  posseBB  that  remarkable  modi-' 
fication  of  the  tail  which  we  have  already  mentioned  as  having 
been  of  excessiye  rarity  in  the  fishes  of  the  secondary  and 
tertiary  seas,  as  well  as  in  those  that  inhabit  the  existing 
ocean ;  in  which  the  Sharks  and  Sturgeons  are  almost  the 
only  representatives  of  this  palfeozoic  type.  The  caudal  fin 
is  universally  heterocercal ;  that  is,  the  vertebral  column  is 
prolonged  at  its  extremity  into  the  upper  lobe  of  the  tail.* 
One  of  the  most  striking  ichthyological  features  of  the  Per* 
mian  deposits  is  the  prevalence  of  fishes  of  the  genus  P<7/<9- 
onUeuSff  of  which  several  species  abound  in  the  Permian  and 
Carboniferous  strata  of  England,  Europe,  and  North  America. 
Iliese  fishes  belong  to  the  heterocercal  ganoids,  and  are 
eovered  with  rhomboidal  scales,  which  in  some  species  are 
very  small,  and  in  others  large.  In  one  locality  near  Dun- 
gannon,  in  Ireland,  a  small  species  is  sometimes  found  in 
groups  of  more  than  two  hundred  individuals  on  a  slab  of 
stone  not  exceeding  two  feet  square.  One  species  only  of 
the  genus  {Falaoniteus  tuperstes)  has  been  identified  in  the 
Trias. 

23.  BsFTiLES  OF  THE  PsBMiAir. — ^The  earliest  certain  in« 
dications  of  the  existence  of  reptiles  on  our  globe  have  been 
obtained  from  the  deposits  of  the  Carboniferous  and  Devo- 
nian formations ;  for  neither  teeth  nor  bones  of  animals  of  a 
higher  order  than  fishes  have  been  discovered  in  any  of  the 
more  ancient  formations. 

The  Archegosauri  of  Saarbruck,  the  Dendrerpeton  and 
Bi^heUM  of  Nova  Scotia,  the  FarahatracuB  of  Carluke,  and 

*  See  figure  of  the  restored  figure  of  i\MAml)lypteru»  {fig,  183,  p.  770) 
of  tlie  Gftrboniferous  system,  in  which  a  marks  the  prolongation  of  the 
Tertebral  column  into  the  upper  lobe  of  the  caudal  fin :  this  fish  is  a  good 
illustration  of  the  heterocercal  type ;  and  the  Lepidotut  of  the  Wealden 
{Ugn,  105^ p.  423)  affords  an  example  of  the  homooereal  fish. 

t  Professor  Sedgwick's  memoir,  Oeoh  Trans,  2  ser.  vol.  iii.  is  accom* 
penied  by  numerous  figures  of  Paleonisci  (pi.  8  and  9).  See  also  Agassiz, 
Poiss.  Foes.  vol.  ii.,  and  King's  Monogr.  Perm.  Foss.  1850. 
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some  lately  discovered  reptilian  footprints  in  the  coal-sbale 
of  Deane  Forest,  well  represent  the  reptilian  forms  of  the 
Carboniferous  period,  when  evidently  there  were  manj  cold- 
blooded quadrupeds  coeval  with  the  luxuriant  flora  of  the 
coal.*  The  little  Telerpeton  Elginense  |  and  some  probably 
chelonian  footprints  remain  as  evidences  of  the  Devonian 
reptiles— the  oldest  yet  known ;  and  in  Pennsylvania  rep- 
tilian foot-tracks  occur  both  on  the  Carboniferous  and  the 
Devonian  rock-surfaces.^ 

In  some  of  the  Permian  rocks  reptilian  remains  are  not 
unusual ;  and  indeed  they  form  important  charactenstics  of 
these  deposits.  The  bituminous  Kupferschiefer  of  Thu- 
ringia  has  yielded  the  Protosaurut  (the  "  fossil  monitor  of 
Thuringia,"  for  a  long  time  the  oldest-known  reptile)  ;  the 
copper-bearing  Permian  conglomerates  of  Eussia  are  some- 
times rich  with  bones  of  reptiles ;  in  the  dolomitic  conglom- 
erate of  Somersetshire  the  remains  of  large  thecodont  §  lizards 
have  been  found ;  and  similar  forms  occur,  according  to  Dr. 
Emmons,)  in  the  Permian  strata  of  the  Chatham  coal-field  in 
North  Carolina. 

Thecodontotaurtu  and  FaUeotaurus, — These  British  fossils 
were  obtained  from  Bedland,  near  Bristol,  and  are  preserved 
in  the  museum  of  that  city;  they  consist  of  jaws,  teeth,  ver- 
tebrae, and  bones  of  the  extremities,  referable  to  two  genera 
of  saurians,  named  as  above  by  Dr.  Eiley  and  Mr.  Stuchbury, 
by  whom  they  were  first  made  known.1[  The  teeth  are  pointed, 
compressed  laterally,  trenchant,  and  ^eXj  serrated  on  the 
edges.    These  reptiles,  in  their  thecodont  type  of  dentition, 

•  Medals,  toL  ii.  p.  748.  f  Medals,  voL  ii.  p.  720. 

X  American  Journ.  Science,  new  ser.  vol.  L  p.  268,  and  toI.  iL  p.  25 ; 
and  Medals,  vol.  ii.  p.  749. 

\  Thecodont;  i.  e.  having  the  teeth  implanted  in  distinct  sockets,  as  in 
the  crocodile. 

I  American  Geology,  part  6,  1856,  p.  85. 

5  Geological  Transactions,  2nd  ser.  vol.  v.  p.  359,  pi.  29  and  30. 
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biocmcsTe  Tertebne,  double-beaded  ribs,  and  proportionate 
size  of  the  bones  of  the  extremities,  are  nearly  related  to  the 
Teleosaurus  of  the  Oolite  (p.  532)  ;  but  combine  a  lacertian 
fonn  of  tooth  and  structure  of  the  pectoral  arch  with  these 
crocodilian  characters :  and  the  bodies  of  the  yertebr»  have 
a  series  of  Tentricose  excavations  for  the  spinal  chord,  instead 
of  a  cjlindrical  canal  The  reptile  found  in  the  copper-shales, 
and  termed  the ''  Thuringian  fossil  monitor  *'  (Frotorasaurus)^ 
appears  to  be  related  to  the  thecodont  saurians  of  Bristol. 
The  spinous  processes  of  the  dorsal  vertebrffi  are  described 
as  remarkablj  high,  and  the  caudal  vertebrs  are  character- 
ised by  double  diverging  spinous  processes. 

Bkopalodon. — Fragments  of  jaws  with  teeth,  and  a  few 
detached  teeth,  of  thecodont  reptiles,  apparently  related  to 
the  Bristol  saurians,  are  amongst  the  reptilian  remains  ob- 
tained from  the  Permian  deposits  of  Bussia.  They  are 
figured  and  described  by  M.  Fischer  under  the  generic  name 
of  Bhopalodon.* 

From  what  has  been  advanced  respecting  the  fossils 
hitherto  found  in  the  Permian  formation,  it  appears  that 
the  organic  remains  are  distinct  from  those  of  the  contigu- 
ous upper  system  or  Trias,  and  present  a  close  relation  to 
the  types  which  characterize  the  lower  deposits. 

24.  BsPTiLBS. — As  the  multitude  of  reptilian  forms  with 
which  we  have  been  surrounded  in  our  progress  through  the 
faunas  of  the  secondary  epochs  disappears  with  the  Triassic 
epoch,  and  as  the  reptiles  of  the  Paheozoic  system  are  com- 
paratively limited  in  number,  I  will  here  offer  a  few  general 
observations  on  this  class  of  animals,  that  the  unscientific 
inquirer  may  be  enabled  to  comprehend  the  inferences  that 
arise  from  the  facts  submitted  to  his  notice.f 

*  Sar  le  Rhopalodon,  genre  de  Saurien  Fossile  du  Tenant  occidental 
de  I'Ounl ;  |iar  G.  Fucher  de  Waldheim,  Moscon,  1841,  and  Bullet 
Soc.  Nat.  Moscou,  1845. 

t  See  *'  Medals  of  Creation,"  vol.  iL  chap,  xvli.,  for  a  fuller  consider- 
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All  animab  possess  organs  bj  which  a  certain  change  is 
effected  in  the  circulating  fluid,  to  refit  it  for  the  purposes 
of  nutrition.  Mammals,  birds,  and  reptiles  are  Aimished 
with  an  apparatus  of  areolar  and  vascular  tissue,  termed 
lungs,  hj  which  a  large  surface  of  the  blood  is  brought  in 
contact  with  the  air ;  in  aquatic  vertebrates  (fishes)  this  ap- 
paratus is  the  gills,  which  are  organs  fringed  with  innumer- 
able processes,  supplied  by  myriads  of  vessels,  disposed  like 
net-work,  by  which  the  blood  is  exposed  to  the  action  of 
aerated  water,  oxygen  absorbed,  and  vitidity  maintained. 
In  Beptiles,  the  respiratory  organs  are  less  developed  than 
in  any  of  the  other  vertebrated  animals,  but  they  all  possess 
lungs,  and  are  capable  of  breathing  air :  and  some  have  gills, 
and  perform  aquatic  respiration.  The  heart,  which  is  gener- 
ally three-chambered,  is  so  disposed,  that  at  each  contrac- 
tion only  a  portion  of  the  volume  of  blood  is  sent  to  the 
lungs ;  hence  the  action  of  oxygen  on  the  circulating  fluid 
is  in  a  less  degree  than  in  any  of  the  mammals,  birds,  or 
fishes.  As  animal  heat,  the  susceptibility  of  the  muscles  to 
nervous  influence,  and  even  the  nature  of  the  skin,  are  de- 
pendent on  respiration,  the  temperature  of  Beptiles  is  low, 
and  their  muscular  powers  are,  on  the  whole,  very  inferior 
to  those  of  Birds  or  Mammals :  requiring  no  integuments, 
as  hair,  wool,  or  feathers,  to  preserve  their  temperature,  they 
are  merely  covered  with  scales,  or  have  a  naked  skin.  Ab 
they  can  suspend  respiration  without  arresting  the  course  of 
the  blood,  they  dive  with  facility,  and  remain  under  water 
for  a  long  period  without  inconvenience.  Some  are  vivipar- 
ous, others  are  oviparous,  laying  their  eggs,  which  they 

ation  of  the  subject.  For  a  comprehensive  and  philosophical  view  of 
this  department  of  Palaeontology,  the  English  reader  should  study  the 
memoirs  of  Prof.  Owen  in  the  British  Association  Reports,  1839,  1840, 
and  1841 ;  and  his  Monographs  published  by  the  Paleontographical 
Society.  Pictet's  '  Pal^ontologie/  also,  should  be  consulted,  both  for  the 
details  of  the  fossil  reptiles,  and  for  references  to  other  authors. 
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nerer  hatch,  on  the  sands  or  banks.  They  present  great 
diversity  of  form ;  some  are  extremely  elegant,  others  gro- 
tesque and  hideous,  and  many  have  dermal  processes  of  the 
most  fantastic  shapes.  Their  habits  are  exceedingly  vari« 
able ;  some  are  agile,  others  torpid ;  all  hibernate,  or  rather 
relapse  periodically  into  a  state  of  dormancy,  whether  pro- 
duced by  cold,  drought,  or  excessive  moisture.  Their  pecu- 
liar structure  enables  them  to  endure  long  abstinence,  to  an 
extent  impossible  to  other  races  of  animals.  Their  seasonal 
habits,  or,  in  other  words,  alternate  periods  of  activity  and 
repose,  are  in  accordance  with  the  sudden  evolutions  of  the 
seasons ;  they  are  dormant  when  nature  does  not  need  their 
agency,  and  rouse  into  activity  when  required  to  repress  the 
redundancy  of  those  vegetables  or  animals  which  constitute 
their  food ;  a  property  strikiogly  manifest  in  the  species  of 
hot  climates ;  thus  exhibiting  an  admirable  adaptation  to 
the  peculiar  conditions  of  existence  which  they  are  destined 
to  fulfil.  Some  are  herbivorous,  others  carnivorous,  and 
many  prey  on  insects ;  their  powers  of  progression  are  as 
various ;  some  orders,  though  destitute  of  fins,  wings,  or 
feet,  bound  along  the  ground  with  great  agility  (the  Ser- 
pents) ;  others  walk  or  swim ;  while  a  few  are  capable  of 
flight.* 

25.  TiTBTLES,  OB  Chelokian  Beptiles. — In  Turtles  the 
want  of  active  £Eiculties  is  compensated  by  their  passive 
means  of  resistance.  They  have  no  weapons  of  offence,  but  are 
enclosed  in  a  panoply  of  armour  formed  by  the  expansion  of 
the  costal  plates  above,  and  by  the  ossified  plastron  beneath.| 
The  carapace,  or  buckler,  constituting  the  shell  that  spreads 
over  the  back  of  the  turtle,  is  composed  of  bony  plates  con- 
tinuous with  the  ribs,  which,  instead  of  being  separated  by 
intervab,  as  in  other  animals,  are  united  together  by  the 

•  The  Draco  votana^  or  Plying  Dragon. 

t  See  Owen,  *'  On  the  Carapace  and  Plastron  of  Chelonian  Reptiles." 
Phil.  Tran&ict,  1849,  p.  151. 
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costal  plates.  Thus  in  the  delicate  and  agile  form  of  the 
Serpent,  and  in  the  heavy  and  torpid  mass  of  the  Turtle,  the 
same  general  principle  of  structure  prevails,  and,  by  a  sim- 
ple modification,  the  skeleton  is  adapted  for  beings  of  very 
dissimilar  forms  and  habits.  The  Testudinata,  or  turtles, 
like  the  other  large  reptiles,  are  essentially  confined  to  tor- 
rid and  temperate  regions.  The  fresh-water  species  are  ca- 
pable of  bearing  a  higher  latitude  than  the  terrestrial :  upon 
the  whole  the  utmost  range  of  this  order  appears  to  be  from 
64®  N.  lat.  to  about  4ff  S.  lat.*  The  fluviatile  species,  or 
JSmtfdes,  are  carnivorous,  feeding  on  frogs  and  small  animals ; 
those  of  the  genus  Trionyx  (three^claw)  are  African  or 
Asiatic,  with  the  exception  of  the  Trionyx  feroXy  which  in- 
habits the  hot  regions  of  America.  They  live  upon  food 
which  is  found  at  the  bottoms  of  rivers ;  in  the  stomachs  of 
several  procured  from  the  Ganges,  by  Col.  Sykes,  were  large 
quantities  of  mussels,  the  shells  bf  which  were  broken  into 
small  angular  fragments.  The  fossil  bones  of  a  Trionyx-like 
animal  {TSretoMiemon  Bakewellt)  from  Tilgate  Forest,  were 
imbedded  in  a  mass  of  mussel-shells;  a  collocation  which 
might  be  expected  in  a  fluviatile  deposit.  The  form  of  the 
ribs  and  other  parts  of  the  skeleton  differs  in  the  Ghelonians 
of  the  land,  marshes,  rivers,  and  the  sea  respectively,  so  that 
the  fossil  bones  can,  for  the  most  part,  be  readily  referred 
to  the  respective  groups. 

Fossil  Tortoises  and  Turtles.^ — The  earliest  indications  of 
the  existence  of  reptiles  on  the  surface  of  our  planet  are 
supposed  to  be  those  of  Ghelonians ;  the  imprints  of  the  feet 
or  pats  apparently  of  a  land-tortoise  occurring  on  a  slab  of 
Devonian  sandstone  in  Morayshire ;  X  and  similar  footprints 
have  been  found  in  the  millstone-grit  of  Cheshire,§  and  are 

*  "  The  Testudinata,"  by  Thomas  Bell,  1  vol.  folio ;  one  of  the  most 
splendid  works  on  Natural  History  that  has  appeared  in  this  country, 
t  Medals,  vol.  ii.  p.  726.  %  Quart.  Geol.  Joom.,  vol.  viiL  p.  97. 

i  Ibid.  vol.  xii.  p.  350. 
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of  more  frequent  occurrence  in  the  Permian  sandstone  of 
Dumfriesshire,*  and  the  Triassic  beds  at  Stourton  and  Bun- 
oom,  in  Cheshire.  Throughout  the  Oolitic,  Wealden,  and 
Cretaceous  epochs,  Chelonians  abounded ;  and  from  the  most 
ancient  Tertiary  to  the  present  time  the  four  groups  of  this 
order  of  reptiles  hare  flourished.  Their  remains,  in  great 
pl^itj  and  of  prodigious  size,  are  associated  ^ith  those  of 
the  Siyatherium,  ^.,  in  the  Sub-Himalayas ;  and  with  those 
of  Mastodons  in  the  Burmese  empire,  of  PalsBotheres  in  the 
French,  Swis8,f  and  Isle  of  Wight  tertiaiies,  and  with  fruits 
of  tropical  plants  in  the  Isle  of  Sheppey ;  their  bones  and 
eggs  are  daily  imbedded  in  the  recent  coral-sand  of  the  Isle 
of  Ascension.  The  remains  of  living  species  of  Indian  land- 
tortoises  are  said  to  be  collocated  with  the  bones  of  extinct 
miocene  mammalia  in  the  Sewalik  hills.'^ 

26.  Cbocodilbs. — This  family  of  loricated  or  mailed  sau- 
rian reptiles  contains  the  only  living  types  that  at  all  approach 
in  magnitude  the  colossal  forms  of  the  secondary  epochs* 
The  I^ptian  Alligator,  as  is  well  known,  attains  a  large 
size ;  and  the  long  and  slender-beaked  crocodilian  reptile  of 
India,  the  Ghivial  (or  G-arial)  of  the  Gungcs,  sometimes  reaches 
a  length  of  nearly  thirty  feet.  The  peculiar  character  of  the 
teeth  of  these  animals,  and  their  mode  of  increase  and  reno- 
vation, have  already  been  pointed  out  (p.  429) .  The  vertebne, 
or  bones  of  the  back,  are  concavo-convex ;  t.  e.  united  to  each 
other  by  a  ball-and-socket  joint,  the  convexity  being  behind. 
Some  of  the  fossil  crocodiles  of  the  tertiary  also  have  this 
structure  of  the  spinal  column ;  but  in  every  crocodilian  of 
the  secondary  formations^  the  articulating  surfaces  of  the 
vertebrsB  are  either  flat  or  concave,  except  in  one  genus 
{Sireptoq>ondtflu8^)y  in  which  the  vertebrsB  are  convex o-con- 
cave,  f .  e.  the  convexity  is  directed  forwards :  a  position  the 
reverse  of  the  ordinary  type.    Beptiles  of  the  crocodilian 

*  Jardine'fl  Idmology  of  Annandale.    f  Pictet  and  Humbert's  Monog. 
i  Falconer  acd  CauUey.  §  Medals,  p.  680. 
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order,  but  belonging  to  several  extinct  genera,  swarmed 
tlirougbout  the  whole  of  the  secondary  and  tertiary  epochs. 
As  the  living  crocodilians  frequent  fresh  water,  the  remains 
of  animals  of  this  type  indicate  the  existence  of  countries 
watered  by  streams  and  rivers,  or  abounding  in  lakes :  but 
the  modification  of  the  spinal  column,  so  prevalent  in  the 
ancient  forms,  may,  perhaps,  be  referable  to.  a  marine  rather 
than  to  a  terrestrial  condition  of  existence,  in  some  of  these 
extinct  saurians. 

27.  Ei^ALiosAUBiANB,  or  HABiNE  LiZABDS.* — Ichthyosau- 
rus  (Fish-like  Lizard), — In  the  lias  of  the  west  of  England, 
teeth,  vertebrse,  and  other  parts  of  the  skeletons  of  reptiles, 
which  were  supposed  to  be  related  to  the  Crocodiles,  had  for 
many  years  excited  attention ;  but  until  1814,  when  a  con- 
siderable collection,  from  Dorsetshire,  formed  by  ISIary 
Anning,  was  sold  in  London,  no  accurate  investigation  of 
these  interesting  relics  had  been  attempted.f  Subsequently 
a  great  number  of  skeletons  have  been  found,  numerous 
memoirs  published,  and  the  form  and  structure  of  the  ori- 
ginals thoroughly  investigated.  Many  beautiful  specimens 
are  figured  and  described  in  the  splendid  work  of  Mr.  Haw- 
kins, whose  unrivalled  collection  of  these  remains  is  now  de- 
posited in  the  British  Mu8eum4  The  bones  of  reptiles  so 
abundant  in  the  Lias  are  chiefiy  referable  to  two  genera ;  the 
one  called  Ichthyosaurus  (by  Mr.  Konig),  to  denote  its  rela- 
tion to  fishes  and  reptiles ;  the  other,  Plesiosaurus  (so  named 

♦  Medals,  p.  663. 

t  See  No.  I.  of  Charlesworth's  "  London  Geological  and  Palieontolo- 
gical  Journal,"  for  an  account  of  the  sale  of  this  collection. 

X  **  Memoirs  of  Ichthyosaur  and  Plesiosaur ;"  by  Thomas  Hawkins, 
folio,  with  Plates,  1838 ;  and  "  Book  of  the  Great  Sea-dragons,"  folio, 
with  Plates,  1840.  Fully  to  realize  the  external  form  and  general  cha- 
racter of  the  Ichthyosauri  and  Plesiosauri,  the  student  must  yisit  the 
Crystal  Palace  Gardens,  and  make  himself  acquainted  with  Mr.  Water- 
house  Hawkins's  life-sized  models  of  these  extinct  sea-reptiles;  smaller 
models  of  which  also  are  obtainable  for  study  in  the  cabinet. 
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by  Mr.  Conybeare),  to  indicate  tbat  it  approached  nearer  than 
the  animalB  of  the  other  genus  to  the  Lizards,  or  Saurians. 

The  Ichthyosaums  had  the  beak  of  a  porpoise,  the  teeth 
of  a  crocodile,  the  head  and  sternum  of  a  lizard,  the  paddles 
of  a  cetacean,  and  the  vertebrsB  of  a  fish.  This  restoration 
(Li^.  134)  shows  its  general  configuration,  as  demonstrable 
from  the  skeleton  ;  from  the  peculiarity  of  the  terminal  ver- 
tebrae of  the  tail,  Prof.  Owen  concludes  that  the  original  had 
a  strong  vertical  tail-fin.*  There  are  many  species,  some 
of  which  are  of  a  magnitude  equal  to  that  of  young  whales. 
The  teeth  are  conical,  sharp,  and  striated,  resembling  those 
of  crocodiles  in  the  power  of  reproduction,  but  differing  in 
the  number,  situation,  and  mode  of  regeneration :  one  species 


Uo3r.  134 — RmnomsD  navsx  or  thk  iohthtcmavxds. 

has  110  in  the  upper,  and  100  in  the  lower  jaw ;  they  are 
arranged  in  a  deep  furrow  or  groove,  not  in  sockets,  and 
were  retained  only  by  the  integuments.  The  orbit  is  very 
large,  and  the  sclerotic  or  outer  coat  of  the  eye  is  made  up 
of  thin  bony  plates,  arranged  round  the  central  opening  or 
pupil,  as  in  the  owl  and  other  birds  ;  a  mechanism  by  which 
the  power  of  the  eye  is  materially  increased,  and  vision 
adapted  to  near  or  remote  objects  at  will.  The  bones  form- 
ing  the  sternum,  or  chest,  which  protect  the  organs  of  re- 
spiration,  are  strong,  and  largely  developed,t  and  the  sternal 
arch  offers  a  remarkable  correspondence  with  that  of  the 
Ornithorhyncus  of  Australia. 

•  Gcol.  Trans.  2nd  bct.  vol.  t.  p.  511.  f  Medals,  p.  667 
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Like  turtles,  the  Ichthyosaurus  had  four  paddles,  composed 
of  numerous  bones  enveloped  in  one  fold  of  integument,  so 
a9  to  form  an  entire  fin,  as  in  the  cetacea  ;•  the  fore-paddles 
are  large,  and  in  some  species  consist  in  one  hundred  bones 
{Lign,  135) ;  the  hinder  pats  are  smaller,  and  contain  but 
thirty  or  forty.  The  internal  structure  of  these  instruments 
therefore  resembles  that  of  the  paws  of  turtles ;  and  (as  is 
even  the  case  in  the  fin  of  the  Porpoise)  the  same  elements 


2. 

Ijow  133— Paddlks  oy  th«  iCHTirrotAVRrs  akd  plkskmaurvii,  nt  uab  ^waif, 

FBOM  LTMK  RVOIft. 

Fig.  1.  Left  fore-paddle  of  the  lehthjoMiinit. 

Fi«-  S.  Left  fore-paddle  of  the  Plckiotaoma. 

(0»t-9i9kth  tkt  natural  $tu.) 

of  an  arm  are  found  as  in  the  quadrupedal  mammalia,  viz.  n 
humeruSy  radius^  ulna,  and  phalanges.     The  nostrils,  which  in 

•  The  soft  integuments  of  the  paddle  are  occasionally  preserved :  poo 
the  figure  of  a  beautiful  example  from  Barrov-on-Soar,  Geol.  Trans. 
2nd  ser.  vol.  vi.  pi.  20,  and  Medals,  p.  6C9. 
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Crocodiles  are  situated  at  the  extremity  of  the  beak  or  muzzle, 
are  in  the  Enaliosauri  phiced,  as  in  the  Cetacea,  beneath  the 
orbits.  The  yertebrsD  are  somewhat  hourgkss-shaped,  but 
less  so  than  in  the  sharks  and  other  fishes ;  the  spinal  co. 
lumn  admitted  of  the  utmost  freedom  of  motion,  while  in  the 
neck  the  vertebrflD  connecting  the  head  to  the  spinal  column 
are  anchjlosed,  and  have  supplementary  bones  to  increase 
the  strength,  and  diminish  motion.*  The  general  figure  of 
the  Ichthyosaurus  must  have  been  that  of  a  Grampus  or 
Porpoise,  with  four  large  paddles.  The  teeth  prove  it  to 
have  been  carnivorous ;  the  paddles,  that  it  was  aquatic ;  the 
scales,  bones,  and  other  remains  of  marine  fishes  constantly 
found  in  the  abdominal  cavities  of  the  skeletons,  and  in  the 
coprolite8,t  that  it  was  an  inhabitant  of  the  sea.  Its  skin 
appears  to  have  been  naked,  or  at  least  destitute  of  scales^ 
28.  The  Plesiosa.urvs.§ — The  discovery  of  a  remarkable 
specimen,  by  Miss  Anning,  enabled  Mr.  Coneybeare  at  once 
to  establish  the  characters  of  that  extraordinary  extinct 
marine  reptile,  the  Plesiosaurus,  which  differs  from  the 
Ichthyosaurus  in  the  extreme  sraallness  of  the  head,  enor- 
mous length  of  the  neck,  and  other  osteological  peculiar- 

•  Memoir  on  a  Peculiarity  of  Stnicture  in  the  Neck  of  the  Ichthyo- 
nnnw,  by  Sir  P.  M.  de  Grey  Egerton.  Geol.  Trans.  2nd  ser.  vol.  t.  p.  187. 

t  The  CoprolUeM,  or  fossil  excrements,  of  Ichthyosauri  (the  true  nature 
of  which  was  first  ascertained  by  the  sagacity  of  the  late  Dean  uf  West- 
minster) are  found  in  profusion  in  the  clays  and  marlstones  of  the  Lias; 
often  occupying  the  abdominal  cavity  of  the  skeleton  (see  Dr.  Buckland's 
Bridg.  Treat.,  p.  190,  pi.  15) ;  and  the  state  of  preservation  of  these  pecu- 
liar bodies  is  such,  as  to  show  not  only  the  nature  of  the  food  of  these 
repliles,  but  also  the  dimensions,  form,  and  structure  of  the  stomach  and 
intestinal  canal.  The  coproUtes  of  the  fishes  of  the  chalk  often  afford  like 
indications.    See  above,  p.  358 ;  and  Medals  of  Creation,  p.  621. 

X  Relics  of  the  skin  occur  in  a  fossil  state.  See  Buckland's  Bridge- 
water  Treatise,  Plate  10,  fig.  A.  1,  2,  3,  4;  Mr.  Cole's  pnper  on  the  skin 
of  the  Ichthyosaurus,  Geol.  Journal,  vol.  is.  p.  79;  and  Mr.  C.  Moore's 
remarks  on  the  subject.  Report  Brit.  Assoc,  1856,  p.  69. 

§  Medals  of  Creatbn,  p.  671. 
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ities.*    The  neck,  which  in  most  animals  is  composed  of  five 
TertebrsB,  and  in  the  extreme  recent  example,  the  Swan,  does 


^^/ 
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not  exceed  twenty-four,  here  consists  of  from  twenty  to 
forty ;  and  its  length  is  sometimes  equal  to  that  of  the  entire 
body  and  tail.  This  reptile  combines  in  its  structure  the  head 
of  a  lizard,  with  teeth  implanted  in  sockets  like  the  crocodile, 
— a  neck  resembling  the  body  of  a  serpent, — a  trunk  and  tail 
of  the  proportions  of  those  of  a  quadruped, — ^with  paddles 
like  the  turtle  {Lign,  135,j^.  2).  The  vertebrae  are  longer 
and  less  concave  than  in  the  Ichthyosaurus,  and  the  ribs, 
being  connected  by  transverse  abdominal  processes,  present 
a  close  analogy  to  those  of  the  Chameleon. 

The  collection  of  Mr.  Hawkins,  now  in  the  British 
Museum,  contains  a  skeleton  eleven  feet  long,  and  so  nearly 
perfect,  that  the  entire  form  of  the  original  creature  may  be 
completely  restored.  The  late  Dean  Goneybeare  compared 
the  Piesiosaurus  to  a  turtle  stripped  of  its  shell,  and  thought 
it  probable,  from  its  long  neck  presenting  considerable  im- 
pediment to  rapid  progress  in  the  water,  that  it  frequented 
the  coast,  and  lurked  among  the  weeds  in  shallow  water. 
As  it  is  evident  that  it  must  have  required  frequent  respira- 
tion, it  probably  swam  on  or  near  the'  surface,  and  darted 
down  upon  the  small  fishes  on  which  it  preyed. 

Ichthyosaurs  and  Plesiosaurs  have  been  found  throughout 
the  secondary  strata,  from  the  Lias  to  the  Chalk  inclusive ; 
with  the  exception  of  the  Wealden,  in  which  no  traces  of 

*  In  the  sternum  of  the  Piesiosaurus  the  oaraeoid  bones  have  their 
greatest  derelopment    Medals,  p.  667,  fig.  213. 


\  29.  PTER0DACTYLE8,  OR  PLYING  REPTILES.  681 

lektkyotauri  have  been  discovered.  Lyme  Begis  is  the  most 
celebrated  locality  in  England,  but  the  remains  of  numerous 
species  of  both  genera  have  been  discovered  in  many  places 
in  this  country  and  on  the  Continent,  in  the  Oolite  and 
Lias.  The  British  species  of  the  Enaliosauri  known  and 
described  by  Professor  Owen,  amount  to  about  twelve  of 
the  Ichthyosaurus,  and  nearly  twenty  of  the  Plesiosaurua.* 
A  group  of  Beptiles,  nearly  related  to  the  Enaliosaurians, 
but  distinguished  (under  the  name  of  Simosaurt)  chiefly  by 
osteological  peculiarities  of  the  skull,  are  found  in  the 
Muschelkalk  and  other  strata  of  the  Trias  in  Germany.  Of 
these  there  are  about  eight  species,  belonging  to  the  genera 
Xothoaaurus,  Fistosaurus,  Conchiosaurus,  and  Simosaurus, 
which  have  been  described  by  Hermann  von  Meyer. 

29.  PTERODA.GTYLES,  or  Flying  EEPTiLES-f — In  this 
rapid  sketch,  it  will  not  be  necessary  to  dwell  on  the  first 
appearance  and  subsequent  great  development  of  the  Lacer- 
tian  tribes  through  the  periods  embraced  in  this  retrospective 
view,  as  we  have  abready  noticed  at  considerable  length  the 
principal  extinct  Saurians,  whose  remains  have  been  disin- 
terred from  the  secondary  rocks.  I  pass,  therefore,  to  the 
Pterosaurians,  or  Flying-lizards,  of  the  ancient  world,  which 
unquestionably  present  the  most  extraordinary  modification 
of  reptilian  organization  which  the  researches  of  the  palae- 
ontologist have  brought  to  light.  With  a  head  and  length 
of  neck  resembling  those  of  a  bird,  the  wings  of  a  bat,  and 
the  body  and  tail  of  an  ordinary  mammal,  these  creatures 
present  an  anomaly  of  structure  as  unlike  their  fossil  con- 
temporaries as  is  the  duck-billed  Platypus  or  Ornithorhyn- 
cus of  Australia  to  existing  animals.  The  skull  is  small, 
with  a  long  beak,  furnished  sometimes  with  upwards  of 
sixty  sharp-pointed  teeth ;  the  size  of  the  orbit  denotes  a 

•  British  Assoc.  Reports  for  1839,  p.  126;  and  Monog.  Cret.  Kept. 
1851 

f  Ptarodftctylu%  •'.  e.  Wing-Jinger.-^S^ti  Medals  of  Creation,  p.  723. 
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large  eye,  and  it  is  therefore  probable  that  the  smaller  spe 
cies,  like  other  Insectivora,  were  nocturnal.    The  outer  or 


MOJI.  137.— «lC»Lrr01f  OP  a  PLYWO  RBPTILF,  ;   FBOM  SOLXyHOrCK. 

fPttrodneiiflHt  era$9iro9tri*.  Ootdfuat.    Ont-third  tht  ntiturmt  ntt.J 

From  the  Nora  Acu  Acad.  Carol.  Leop.,  toI.  xt.  pi.  Till 

little  finger  is  immensely  elongated  for  the  support  of  a  mem- 
braneous expansion,  similar  to  that  which  is  extended  on  the 
fingers  of  the  Bat ;  impressions  of  this  membrane  are  seen 
in  some  specimens  {Lign,  137).  The  fingers  terminate  in 
long  hooks,  like  the  curved  claw  of  the  Bat.  The  size  and 
form  of  the  foot,  leg,  and  thigh  show  that  the  Pterodactyles 
were  capable  of  perching  on  trees,  and  of  standing  firmly  on 
the  ground,  where,  with  their  wings  folded,  they  might  walk 
or  hop  like  a  bird.* 

*  See  Dr.  Buckland's  Bridgewater  Treatise.    Mr.  Mortiu  has  iiitro* 
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Twentj  species  of  these  extraordinary  creatures  have  been 
diaoovered,  varying  in  size  from  that  of  a  Snipe  to  that  of  a 
Cormorant  or  an  Albatross.  Of  these,  twelve  have  been 
found  in  the  lithographic  stone  of  Bavaria,*  where  the  bones 
of  Pterodactyles  are  associated  with  the  remains  of  Dragon- 
flies  ;  in  the  Stonesfield  Slate  they  are  collocated  with  the 
eijfira^  or  wing-cases,  of  beetles.  In  tiie  Lias,  the  remains 
of  a  species  of  the  size  of  a  Haven  were  discovered  by  Miss 
Anning-t  This  species  and  three  of  those  from  Bavaria  do 
not  belong  to  the  Pterodactyle  proper ;  but,  having  no  teeth, 
and  being  distinguished  by  their  long  stifi*  tail,  they  are 
separated  by  Von  Meyer,  under  the  name  of  Bamphorhyncu9 
(Beak-uose). 

Numerous  thin  delicate  bones,  evidently  belonging  to 
Pterodactyles,  have  been  found  in  the  Wealden,  and  prove 
that  some  species  of  these  extra,ordinary  creatures  inhabited 
the  country  of  the  Iguanodon.  In  the  Chalk  of  Kent,  the 
upper  and  lower  jaw-bones  with  teeth,  portions  of  a  cora- 
coid  bone,  several  digital  bones,  and  parts  of  the  arm-bones 
of  large  Pterodactyles,  have  "been  obtained.  From  a  com- 
parison of  these  relics  with  the  specimen  of  P.  cnunrostru 
{Li^n,  137),  the  Kentish  species  appear  to  have  been  much 
larger,  and  it  is  estimated  that  the  expanded  wings  of  P. 
Cuvieri  would  be,  at  least,  eighteen  feet  wide;  whilst  in 
another  Chalk  species  the  extent  of  the  wings  from  tip  to 
tip  was  fifteen  feet.}  Among  existing  reptiles,  the  diminu- 
tive Draeo  volant  is  the  only  known  species  capable  of  flight. 

duced  A  restored  figure  of  a  Pterodactyle  in  the  foreground  of  the 
Frontispiece  of  Vol.  1.  of  this  work. 

*  Goldfuss,  Nova  Acta  Acad.  Nat.  Cur.  vol.  xv.  p.  63.  This  memoir, 
by  the  great  German  palaeontologist,  is  illustrated  by  excellent  figures 
of  Pterodactyles  from  Solenhofen.     See  also  Miinster's  **  Beiirtige." 

f  Geological  Transactions,  2nd  Ser.,  vol.  iii.  page  220.  This  unique 
specimen  is  now  in  the  British  Museum. 

X  The  majority  of  the  rare  and  valuable  specimens  from  the  Chalk,  by 
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30.  OpHiDLiirs  {Serpenti)  and  Batuachiajts  {Frog-trihe). 
— There  are  no  vestiges  in  the  secondary  formations  of  the 
Ophidians,  or  reptiles  destitute  of  feet  or  any  extremities 
for  progressive  motion ;  but  in  the  tertiary,  bones  of  a  few 
species  of  large  serpents,  chiefly  allied  to  the  Boas  and  Py- 
thons, have  been  discovered.  These  fossils  were  obtained 
from  the  Eocene  sand,  at  Kyson,  in  Suffolk,  from  the  Lon- 
don Clay  of  the  Isle  of  Sheppey,  and  the  Bracklesham  beds 
on  the  Hampshire  coast.*  From  the  size  of  the  vertebrae. 
Professor  Owen  ascertained  that  some  of  these  Eocene  ser- 
pents must  have  exceeded  twenty  feet  in  length.  '*  Serpents 
of  such  dimensions,"  he  observes,  '*  exist  in  the  present  day 
only  in  warm  or  tropical  regions  ;  and  their  food  is  .by  no 
means  restricted  to  animals  of  the  cold-blooded  classes.  .  .  . 
Living  birds  or  quadrupeds  constitute  the  favourite  food  of 
the  Pythons  and  Boas,  of  similar  dimensions,  which  are  ex- 
hibited in  our  menageries."t 

A  large  fossil  serpent,  having  some  alliances  with  the 
Eattle-snake  and  other  venomous  Ophidians,  has  lately  been 
described  (under  the  name  of  LaophU  crotaUndei)  by  Prof. 
Owen, J  from  evidences  afforded  by  several  vertebrs  collected 
near  Thessalonica  by  Captain  Spratt.  It  is  probably  of  the 
Miocene  age. 

Batrachians, — ^The  reptiles  termed  Batrachians  (from  the 
Greek  name  for  Prog)  are  characterized  by  the  remarkablos 
metamorphoses  which  they  undergo  in  the  progress  of  their 
development  from  youth  to  maturity.  Their  organs  of  aerial 
respiration  consist  of  a  pair  of  lungs ;  but  in  their  young  and 

means  of  which  these  gigantic  Pterodactyles  have  been  determined,  en- 
rich Mr.  J.  8.  Bowerbank's  choice  collection  at  Highbury.  See  Owen's 
Monograph  of  the  Chalk  Reptiles,  Paleont.  Soc,  1851. 

*  Medals  of  Creation,  p.  738. 

t  Geol.  Trans.  2nd  ser.  toI.  vi.  p.  210. 

X  Geol.  Journ.  toI.  liii.  p.  196,  pl.  4. 
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aquatic  state  thejr  are  provided  with  gills,  supported  on  car- 
tilaginous arches,  as  in  fishes.  The  early  existence  of  colossal 
reptiles  closely  allied  to  this  order  has  already  been  shown  in 
the  Labyrinthodons  of  the  Triassic  system  (see  p.  552).  In 
the  tertiary  strata,  the  skeletons,  imprints  of  the  footsteps, 
and  even  vestiges  of  the  soft  parts  of  several  species  of  Frog, 
Toad,  and  Newt,  have  been  found.*  In  the  papierhohle  of 
the  Browncoal  of  the  Bhine  (see  p.  283),  several  species  are 
met  with.t  In  the  neighbourhood  of  Bombay,  small  batra- 
cholitea  have  been  found  in  a  black  shale,  apparently  of  ter- 
iuaj  date.} 

But  the  most  celebrated  fossil  of  this  class,  from  the  ter- 
tiary deposits,  is  a  gigantic  Salamander,  three  feet  in  length, 
obtained  more  than  a  century  since,  Irom  the  miocene  lacus- 
trine limestone  of  (Eningen,  in  the  same  quarry  which  yielded 
the  fossil  Fox  previously  described  (see  p.  268).  The  first 
discovered  specimen  of  this  fossil  Batrachian  {Lign,  138) 
acquired  great  celebrity,  from  an  eminent  physician  of  his 
day,  Scheuchzer,  having,  under  some  extraordinary  delusion, 
regarded  it  as  a  petrified  human  skeleton,  and  described  it, 
under  the  name  of  ''  Romo  Diluvii  Testis  et  Theoscopos**  aa 
being  "  the  moiety,  or  nearly  so,  of  the  skeleton  of  a  man, 
with  the  bones  and  flesh  incorporated  in  the  stone,  and  a 
relic  of  that  accursed  race  which  was  overwhelmed  by  the 
Deluge."  § 

Cuvier,  when  at  Haarlem,  in  1811,  examined  this  specimen, 
and  ascertained  it  to  be  the  skeleton  of  an  extinct  species  of 
aquatic  Salamander ;  he  cleared  away  the  stone  and  exposed 
the  four  legs,  and  the  jaws,  beset  with  teeth.||     There  are 

•  See  Pictet's  Pal6ontologie,  2de  edit.  vol.  i.  p.  561. 
t  Goldfuss,  NoTA  Acta,  vol.  xv.  part  1,  p.  107,  pi.  11,  12,  and  13. 
X  Geol.  Journal,  vol.  iii.  p.  224. 
4  FhiloB.  Trans,  for  1726,  vol.  xxxiv. 

jj  A  full  account  and  illustrations  of  this  fossil  are  given  in  the  *'  O-sse- 
Fossiles,"  Tol.  y.  p.  431 
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some  fine  remains  of  the  (Eningen  Salamander  in  the  collec- 
tion of  the  British  Museum. 


Lion.  1S8.— fossil  SALAXAMDKR  or  (EKIKOEN  :  CETPTOBaAXCHUS  Schevchzk&i. 
('*  U»mo  DHuvii  Tmtit "  nj  Sck«Hekz«r.    F*ur  and  a  ka{f  ftet  m  Uugth.J 

31.  Eeview  or  the  age  of  Eeptiles. — From  the  ex- 
amination of  the  organic  remains  of  the  Secondary  Forma- 
tions we  obtain  the  following  results :  that  the  seas,  lakes, 
and  rivers  during  these  geological  periods  swarmed  with  rep- 
tiles, fishes,  mollusca,  Crustacea,  annelida,  echinodermata,  zo- 
ophytes, foraminifera,  sponges,  and  sea-weeds ;  all  of  extinct 
species,  and  presenting,  as  a  whole,  a  greater  discrepancy 
with  existing  forms  than  those  of  the  Tertiary ;  the  most 
remarkable  feature  being  the  apparent  absence  of  Cetacea 
(p.  325),  and  the  presence  of  several  genera  of  marine  Eep- 
tiles. 

On  the  land  we  find  but  little  analogy  to  the  terrestrial 
inhabitants  belonging  to  the  tertiary  or  present  eras: 
throughout  the  vast  accumulations  of  the  spoils  of  the  an- 
cient Islands  and  Continents,  although  the  remains  of  croco- 
diles, fresh- water  turtles,in8ect9,and  terrestrial  plantsabound, 
a  few  jaws  of  very  small  animals  are  the  sole  indications  of 
the  existence  of  Mammalia ;  and  the  evidence  of  the  presence 
of  Birds  is  even  less  clear.  In  vain  we  seek  for  the  relics 
of  Man,  or  the  remains  of  works  of  art, — for  the  skeletons 
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of  the  Mastodon  or  tbe  Mammoth, — of  the  Palseotheres,  or 
other  mammals  that  were  their  contemporaries ;  the  osseous 
remains  of  terrestrial  and  fiuviatile  Eeptiles  alone  appear. 
In  the  emphatic  language  of  Cuyier,  '*  Nou9  remontom  done 
a  un  autre  age  du  mondey—a  cet  dge  ou  la  terre  n'itoit  encore 
^Htreourue  que  par  des  reptiles  a  sang  froid^  ou  la  mer  abondoU 
en  ammonites,  en  belemnites,  en  terebratules,  en  encrinites,  et 
ou  fous  ees  genres,  aujourd'hui  d*une  rarete  prodigieuse,  fai" 
soieni  lefond  de  sa  population.^** 

The  earliest  indications  of  air-hreathing  vertebrate  animals 
is  the  little  Elgin  reptile,  and  the  supposed  imprints  of  che- 
lonian  footsteps  in  Devonian  sandstone.  In  the  succeeding 
Carboniferous,  Permian,  and  Triossic  periods,  Saurobatra- 
chians  occur,  often  of  great  bulk,  and  in  great  numbers ;  and 
on  the  later  sands  of  those  old  shores  are  found  the  foot- 
tracka  of  bipeds  which  seem  to  point  to  a  higher  class,  that 
of  birds,  for  their  origin.  In  the  following  periods,  era- 
bracing  the  deposition  of  the  Lias,  Oolite,  Wealden,  and 
Chalk,  swarms  of  reptiles  belonging  to  numerous  genera 
everywhere  prevail ;  species  fitted  to  live  in  the  air,  on  the 
land,  in  lakes  and  rivers,  and  in  the  seas, — yet  not  one 
identical  with  any  existing  form.  These  gradually  decline 
as  we  approach  the  close  of  the  secondary,  and  are  succeeded 
in  the  tertiary  by  as  varied  modifications  of  the  higher 
animals — the  mammalia  and  birds.  Thus,  the  £ftunas  of 
the  rast  periods  that  intervened  between  the  tertiary  and 
palaeozoic  ages  present  the  following  numerical  relations  in 
the  three  higher  classes  of  the  vertebrata : — 

!  Seven  f  genera  of  small  land-animals  (p.  394,  508, 
and  561).  Wirtemberg,  Stonesfield,  and  Pur- 
beck. 

*  **  Ossemens  Fosailes/'  tome  v.  2de  partie,  p.  10. 

t  Mr.  Beckles  baa  specimens  of  other  Purbeck  genera,  still  unde- 
scribed.  The  Dromatheriwn  (Emmous),  being  probably  Permian,  is 
not  reckoned  here. 
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A  species  from  North  Carolina  (p.  558,  note) ;  an- 
other from  Stonesfield  ?  (p.  524) ;  another  from 
Birds    ....-{      the  Wealden  ?  (p.  452) ;  -and  many  species  in- 
ferred from  footprints  on  sandstone  of  the  Trias- 
w    sic  period  ?  (p.  557). 

Marine; — FiAy  genera,  including  above  one  hun- 
dred and  forty  species. 
Rbptilbs    .     .    .  •{  Terrestrial  and    Fluviatile; — Forty-five  genera, 
comprising  about  two  hundred  species. 
Flying; — Two  genera,  containing  nineteen  species. 

Here,  then,  tlie  classes  Mammalia  and  Aves,  which  con- 
stitute the  essential  features  of  the  existing  terrestrial  faunas 
of  almost  all  countries,  are  represented  through  a  period  of 
time  of  incalculable  duration,  by  a  few  diminutive  quadru- 
peds, by  some  uncertain  vestiges  of  birds,  and  problematical 
foot-prints  of  bipeds  on  the  rocks ;  while  everywhere  bones, 
teeth,  and  entire  skeletons  of  reptilian  forms,  adapted  for 
aerial,  terrestrial,  and  aquatic  existence,  afford  unequivocal 
proofs  that  the  air,  the  land,  and  the  waters  were  tenanted 
by  cold-blooded  vertebrate  animals.  In  the  succeeding  ter- 
tiary ages,  the  fossil  remains  of  reptiles  belong  to  species  of 
existing  types,  and  are  associated  with  the  relics  of  innumer- 
able mammiferous  quadrupeds. 

Now,  if  we  admit,  to  the  utmost  extent,  the  effect  of 
causes  that  may  be  supposed  to  have  operated  to  the  exclu- 
sion of  the  remains  of  mammalia  from  the  secondary  forma- 
tions, still  the  overwhelming  preponderance  of  the  reptilian 
tribes,  both  on  the  land  and  in  the  waters,  is  most  striking. 
And  here  we  may  inquire  whether  this  remarkable  pheno- 
menon warrants  the  hypothesis  which  some  eminent  geolo- 
gists have  advanced,  namely,  that  during  the  periods  ante- 
cedent to  the  eocene,  the  earth  was  not  adapted  for  the 
existence  of  mammalia  ? — ^that  it  was  in  a  state  of  turbulence 
and  convulsion,  which  colossal  reptile  forms  were  alone  cal- 
culated to  endure ;  that  it  was  a  half-finished  planet,  unsuit- 
able for  warm-blooded  animals ;  and  Ihat  its  atmosphere  was 
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incapable  of  supporting  the  higher  types  of  animal  organiza- 
tion? .The  probability  that  birds  existed  in  the  country  of 
the  Ignanodon — ^the  certainty  that  marsupial  and  insectivor- 
ous mammals  were  the  contemporaries  of  the  Megalosaurus 
and  Fterodactyles — that  trees  and  plants,  similar  to  many 
which  now  grow  in  regions  abounding  in  birds  and  warm- 
blooded quadrupeds,  flourished  throughout  the  ''Age  of 
Beptiles,"  are  facts  which  appear  to  me  fatal  to  such  a  hy- 
pothesis, and  to  prove  that  the  general  temperature  of  the 
earth,  and  the  physical  constitution  of  the  sea,  and  the 
atmosphere,  were  not  essentially  different  from  those  which 
now  prevaU.  That  the  class  of  reptiles  was  developed, 
throughout  the  periods  embraced  in  this  review,  to  an  ex- 
tent far  beyond  what  has  since  taken  place,  cannot,  I  con- 
ceive, by  any  legitimate  process  of  reasoning  be  disputed ; 
but  I  do  not  think  that  in  the  present  state  of  our  know- 
ledge any  satisfactory  explanation  of  this  extraordinary  fact 
can  be  offered. 

32.  Objections  considerei). — There  are  persons  who, 
with  one  of  the  Bridgewater  essayists  (Mr.  Kirby*),  oppose 
these  conclusions,  and  have  recourse  to  the  most  strange 
conceits  to  account  for  the  phenomena  on  which  they  are 
founded.  But  it  is  for  those  who  refuse  their  assent  to  de- 
ductions made  with  the  greatest  caution,  and  derived  from 
an  overwhelming  mass  of  evidence,  to  explain  the  entire  ab- 
sence of  all  traces,  not  only  of  Man,  but  of  the  whole  exist- 
ing species  of  animals  and  vegetables,  in  the  ancient  deposits ; 
while  there  is  not  a  river  or  stream  which  does  not  daily 
imbed  the  remains  of  the  present  inhabitants  of  the  globe. 
Buty  however  future  discoveries  may  modify  this  hypothesis, 
they  cannot  invalidate  the,  fact,  that  there  is  no  country  on 
the  face  of  the  earth  with  such  an  assemblage  of  animal  life 
as  that  possessed  by  the  regions  whence  the  delta  of  the 
Wealden  was  derived ;  nowhere  is  there  an  island  or  a  cou- 
*  Seventh  Bridgewater  Treatise. 
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tinent  inhabited  bj  colossal  reptiles  only,  or  (excepting  the 
Galapagos)  where  the  Eeptilia  usurp  the  place  of  the  large 
Mammalia.  We  have  seen  that  this  feature  in  the  zoology 
of  that  remote  period  was  not  confined  to  the  country  of  the 
Iguanodon ;  in  every  part  of  the  world  where  geological  re- 
searches have  extended,  this  wonderful  phenomenon  appears 
— the  absence  of  mammiferous  animals  in  the  older  strata. 
The  bones  of  reptiles,  sometimes  of  enormous  size,  are  there 
the  only  remains  of  the  higher  animals  (except  fishen) 
that  occur  in  any  considerable  number.  It  is,  therefore, 
manifest,  that  there  was  a  period  when  oviparous  quadru- 
peds of  appalling  magnitude  were  the  chief  possessors  of 
the  lands  of  which  any  traces  remain  in  the  strata  that  are 
accessible  to  human  observation.  I  do  not,  however,  mean 
to  aver,  that  reptiles,  and  reptiles  only,  were  the  occupiers 
of  eviBry  Island  and  Continent ;  but  that  it  appears  from  the 
most  irrefragable  testimony,  that  the  reptile  tribes  during 
the  secondary  periods  were  developed  to  an  extent  of  which 
the  present  state  of  animated  nature  affords  no  example.  It 
must  be  acknowledged  that  the  proposition  is  astounding, 
and  I  do  not  feel  any  surprise  that  many  intelligent  persons, 
whose  attention  has  not  previously  been  directed  to  geo- 
logical inquiries,  should  hesitate  to  admit  its  correctness; 
but  the  conclusion  is  drawn  from  such  an  immense  accumu- 
lation of  facts,  corroborated  by  observations  made  in  every 
region  of  the  earth,  as  to  compel  assent,  in  spite  of  all  our 
preconceived  opinions.  We  may,  indeed,  call  up  from  the 
depths  of  our  ignorance  hypotheses  as  marvellous  as  the 
phenomena  they  are  intended  to  explain,  but  which  a  very 
slight  examination  of  the  facts  before  us  would  prove  to  be 
untenable. 

33.  CoNCLtrniKO  bemabks. — ^There  is  another  objection 
to  which  I  would  allude ;  for  I  do  not  think  with  some,  that 
the  errors  or  prejudices  of  those  who  differ  from  us  should 
be  treated  with  silence  or  contempt ;  but,  rather,  that  it  is 
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oar  duty  to  explain,  again  and  again,  the  foundation  of  our 
belief,  in  the  hope  and  assurance  that  we  shall  at  length  re- 
moYe  the  erroneous  opinions  of  persons  whose  scepticism 
arises  from  their  imperfect  acquaintance  with  the  suhject. 
It  has  been  insisted  upon  by  those  whose  yiews  are  limited 
to  the  present  state  of  the  globe,  that  the  supposition  of  the 
earth  having  been  peopled  by  other  creatures  before  the  ex- 
istence of  the  human  race  is  incompatible  with  the  evident 
design  of  the  Creator,  and  derogatory  from  the  dignity  of 
Man,  for  whose  pleasure  and  necessities  they  assume  all 
living  things  were  created.  But  this  inference  is  at  vari- 
ance with  what  we  know  of  the  living  world  around  us: 
everywhere  we  see  forms  of  animated  existence  utterly  un- 
conscious of  the  presence  of  Man,  and  endowed  with  facul- 
ties and  sensations  wholly  dissimilar  from  our  own.  Thus, 
while  in  the  beautiful  language  of  Scripture  we  are  told 
that  not  a  sparrow  falls  to  the  ground  without  our  heavenly 
Father's  notice,  a  philosophical  examination  of  the  present 
constitution  of  nature  would  alike  condemn  such  vanity  and 
presumption.  For  my  own  part,  feeling,  as  I  do,  the  most 
profound  reverence  and  the  deepest  gratitude  to  the  Eternal 
Being,  who  has  given  unto  me  this  reasoning  intellect,  how- 
ever feeble  it  may  be, — and  believing  that  the  gratification 
and  delight  experienced  in  the  contemplation  of  the  Won- 
ders of  Creation  here  are  but  a  foretaste  of  that  inexpress- 
ible felicity  which,  in  a  higher  state  of  existence,  will  be  our 
portion  hereafter,  I  cannot  but  think  that  the  minutest 
living  atom,  which  the  aided  eye  of  man  is  able  to  explore, 
is  designed  for  its  own  peculiar  sphere  of  enjoyment,  and  is 
alike  the  object  of  His  mercy  and  His  care,  as  the  most  stu 
pendouB  and  exalted  of  His  creatures. 

"  Le  m^rne  Dieu  cr^a  la  mousse  et  V  Uniren." 

In  nothing,  perhaps,  are  we  more  mistaken  than  in  our 
estimate  of  the  happiness  enjoyed  by  other  beings ;  to  em- 
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ploj  tbe  beautiful  simile  of  a  distinguished  author, — ''As 
the  moon  plays  upon  the  waves,  and  seems  to  our  eyes  to 
favour  with  a  peculiar  beam  one  long  track  amidst  the  wa- 
ters, leaving  the  rest  in  comparative  obscurity,  yet  all  the 
while  she  is  no  niggard  in  her  lustre ;  for,  although  the  rays 
that  meet  not  our  eyes  seem  to  us  as  though  they  were  not, 
yet  she,  with  an  equal  and  unfavouring  loveliness,  mirrors 
herself  on  every  wave ;  even  so,  perhaps,  happiness  falls  with 
the  same  power  and  brightness  over  the  whole  expanse  of 
being,  although  to  our  limited  perceptions  it  seems  only  to 
rest  on  those  billows  from  which  the  rays  are  reflected  back 
upon  our  sight."  *  And  if  we  admit,  as  all  must  admit  who 
for  one  moment  consider  tbe  marvels  which  Astronomy  has 
unfolded  to  us,  that  there  are  countless  worlds  around  us, 
inhabited  by  intelligences  of  whose  nature  we  can  form  no 
just  conception,  surely  the  discoveries  of  Geology  ought  not 
to  be  rejected  because  they  instruct  us,  that  ere  man  was 
called  into  existence  this  planet  was  the  object  of  the  Al- 
mighty's care,  and  teeming  with  life  and  happiness. 

Thus  Geology  reveals  the  sublime  truth,  that  through 
periods  of  incalculable  duration,  our  globe  was  the  abode  of 
myriads  of  living  creatures,  enjoying  all  the  blessings  of 
existence,  and  which  at  the  same  time  were  the  destined 
instruments  for  the  elaboration  of  the  materials,  by  which 
the  surface  of  the  earth  was  rendered,  in  the  course  of  in- 
numerable ages,  a  fit  temporary  abode  for  intellectual  and 
immortal  beings !  f 

•  Sir  E.  B.  Lytton's  "  Eugene  Aram." 

t  See  M'Cosh  and  Dickie's  "Typical  Forms  and  Special  Ends  in 
Creation,"  1856,  for  some  interesting  remarks  on  the  adaptations  of  both 
fossil  and  recent  animals  and  plants  to  their  functions  and  conditions, 
and  a  brief  notice  of  the  evidences  of  a  long  preparation  for  the  adTCUt 
of  man  upon  the  earth  (p.  345). 
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■ad  YegeUhlee.  4.  Nervoni  System  and  Sensation.  5.  Direrslty  of  Animal  Formi. 
fk.  Zooph jtes.  7.  Animal  nature  of  Zoophytes.  8.  Ctlta,  or  Tibratile  organs.  9.  Hy- 
dna.  or  Xresb-water  Polypes.  10.  Elementary  organic  structore.  11.  Analogy  not 
Ideattty.  12.  Tlie  Bryoxoa.  13.  Food  of  Zoophytes.  14.  Nature  of  Zoophytes.  1ft. 
Corals  or  Polypifera.  16.  Sertolarian  Zoophytes.  17.  Actlnoldea  or  Corsliarla.  IS. 
CaxToplvlUa  and  TurblnoUa.  19.  Madrepore.  SO.  Fungla.  21.  Astrtta,  Pavonla,&c. 
22.  MKandrtna cerebritbrmls.  23.  Aleyonarlan  Zoophytes:  Gorgonia.  24.  The  Red 
CoraL  25.  TnUpora.  26.  Geographieal  Distribution  of  Corals.  27.  Appearance  of 
Urlng  Corals.  2B.  Coral  BeeA.  29.  Coral  Reef  of  Loo-Ghoo.  30.  Coral  Islands.  31. 
FormatSoa  of  Coral  Islands.  32.  Montgomery  on  Coral  Islands.  33.  Fossil  Zoophytes. 
34.  Teotrlcolites.  SS.  Zoophytes  of  the  Oolite  and  Lias.  36.  Corals  of  the  Palseozolc 
ronnatioos.  37.  Coralline  Marbles.  38.  The  Crlnoidea.  89.  Structure  of  the  Crinol- 
dea.  40.  Eacrinltes  and  Pentacrinites.  41.  Derbyshire  Encrlnltal  Marble.  42.  The 
Llly-Encfflnlte.  43.  Pear-Enerinlte  of  Bradford.  44.  Pentacrinites  and  ActinocrinitM. 
A.  Pentremitea  and  CystJdea.   46.  Concluding  Remarks. 

1.  iHTBODrcTOBT. — ^In  many  of  the  deposits  of  the  Second- 
ary formations  reviewed  in  the  last  discoarse,  a  large  propor- 
tion of  the  fossils  were  seen  to  consist  of  those  interesting 
types  of  animal  organization,  the  Polypifera  and  Crinoidea : 
some  of  the  Oolitic  strata,  as  for  example  the  Coral-rag, 
being  wholly  made  up  of  Corab ;  while  many  of  the  lime- 
stones and  shales  of  the  Lias  equally  abound  in  Pentacrinites 
and  other  forms  of  the  Crinoidea.  In  the  more  ancient 
palaM>zoic  formations,  to  the  examination  of  which  our  at- 
tention will  hereafter  be  directed,  we  shall  find  these  organ- 
isms in  still  greater  profusion :  entire  mountain-chains  con- 
sisting of  the  consolidated  remains  of  corals,  and  vast  tracts 
of  limestones  composed  of  the  mineralized  skeletons  of  the 
Lily-shaped  animals. 
To  enable  the  unscientific  reader  to  comprehend  the  ori- 
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^n  and  formation  oi  these  ancient  fossiliferou^  rocks,  I 
therefore  purpose  devoting  the  present  Lecture  to  a  general 
view  of  the  natural  history  of  some  of  the  recent  animals  of 
these  classes,  and  a  brief  notice  of  the  most  characteristic 
fossil  species. 

2.  Oboakio  Ain>  Iitobganio  bodies.  —  The  beautiful 
world  in  which  we  are  placed  is  everywhere  full  of  objects 
presenting  innumerable  varieties  of  form  and  structure,  of 
action  and  position ;  some  of  them  being  inanimate  or  inor- 
ganic, and  others  possessing  organization  or  vitality.  The 
organic  kingdom  of  nature,  in  like  manner,  is  separated  into 
two  grand  divisions,  the  animal  and  the  vegetable.  The 
differences  between  organic  and  inorganic  bodies  are  numer- 
ous and  manifest ;  but  it  will  suffice  for  my  present  purpose 
to  mention  a  few  obvious  and  familiar  characters. 

All  the  parts  of  an  inorganic  body  ei^joy  an  independent  existence ;  if 
I  break  off  a  crystal  from  this  mass  of  calcareous  spar,  the  specimen  does 
not  lose  any  of  its  properties,  it  is  still  a  group  of  crystals  as  before :  but 
if  a  branch  be  separated  from  a  tree,  or  a  limb  from  an  animal,  each  is 
rendered  imperfect,  and  the  parts  removed  suffer  decomposition, — ^the 
branch  withers,  and  the  limb  undergoes  pntrefiiction.  If  crystals,  which 
may  be  considered  the  most  perfect  models  of  inorganic  substances,  be 
formed,  they  will  remain  unchanged,  unless  acted  upon  by  some  external 
force  of  a  chemical  or  mechanical  nature :  within,  erery  particle  is  at 
rest,  nor  do  they  possess  the  power  to  alter,  increase,  or  diminish  :  they 
can  enlarge  by  external  additions  only,  and  decrease  but  by  the  remoTal 
of  portions  of  their  mass.* 

*  These  remarks  must  be  taken  in  a  general  sense  only,  since  various 
experiments  hare  demonstrated  that  the  molecules  of  inorganic  matter 
undergo  modification  by  the  slightest  action  of  light  and  rariation  of 
temperature. 

"  Prismatic  crystals  of  zinc  are  changed  in  a  few  seconds  into  octa- 
hedrons by  the  heat  of  the  sun.  We  are  led  from  the  mobility  of  fluids 
to  expect  great  changes  in  the  relatire  positions  of  their  molecules,  which 
must  be  in  perpetual  motion  even  in  the  stillest  water  or  calmest  air ; 
but  we  were  not  prepared  to  find  motion  to  such  an  extent  in  the  interior 
of  solids.    We  knew  that  their  particles  were  brought  nearer  by  cold  or 
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Bat  organic  bodies  have  characters  of  a  totally  different  nature ;  they 
possess  definite  forms  and  structures,  vrhich  are  capable  of  resisting  for 
a  time  the  ordinary  laws  by  which  the  changes  of  inorganic  matter  are 
regulated,  while  internally  they  are  in  constant  mutation.  From  the  first 
moment  of  the  existence  of  the  plant  or  animal  to  its  dissolution  there  is 
no  repose ;  youth  follows  infancy, — maturity  precedes  age ;  it  is  thus 
with  the  moss  and  the  oak, — the  monad  and  the  elephant, — life  and  death 
aie  common  to  them  all. 

Animals  and  vegetables  also  require  a  supply  of  food  and  air,  and  a 
suitable  temperature,  for  the  continuance  of  their  existence ;  and  they 
are  nourished  by  fluids  elaborated  by  appropriate  organs,  and  transmitted 
through  suitable  vessels.  In  the  germ  of  an  animal  or  a  vegetable  there 
is  a  vital  principle  in  action,  by  which  are  developed  in  succession  the 
ardained  phenomena  of  its  existence.  By  this  power  the  germ  is  able  to 
attract  towards  it  particles  of  inanimate  matter,  and  bestow  on  them  an 
arrangrement  widely  different  from  that  which  the  laws  of  chemistry  or 
mechanics  could  produce.  The  same  power  not  only  attracts  these  par- 
ticles, and  preserves  them  in  their  new  situations,  but  is  continually 
engaged  in  removing  those  which  might  by  their  presence  prevent  or  de- 
range its  operations ;  and,  on  the  other  hand,  so  soon  as  the  vital  princi- 
ple deserts  the  body  which  it  has  animated,  the  latter  immediately  be- 
comes subjected  to  the  agencies  which  act  on  inorganic  matter :  "  in 
obedience  to  the  power  of  gravitation  the  pliant  twig  hangs  down,  and 
the  slender  stem  bends.  In  animals  the  body  falls  to  the  ground ;  the 
piessnre  of  the  upper  parts  flattens  those  on  which  the  others  rest ;  the 
skin  stretches  out ;  and  the  graceful  rotundity  of  life  is  exchanged  for  the 
oblateness  of  death."  *    The  laws  of  chemistry  then  begin  to  operate, — 

preasuie,  or  removed  fartlier  from  one  another  by  heat ;  but  it  could  not 
have  been  anticipated  that  their  relative  positions  could  be  so  entirely 
changed  as  to  alter  their  mode  of  aggregation.  It  follows  from  the  low 
temperature  at  which  these  changes  are  eflected,  that  there  is  probably 
ao  portion  of  inorganic  matter  that  is  not  in  a  state  of  relative  motion. 
Prismatic  crystals  of  sulphate  of  nickel  exposed  to  the  summer  heat,  in 
a  deee  vessel,  had  their  internal  structure  completely  altered,  so  that 
when  broken  open  they  were  composed  internally  of  octahedrons,  with 
square  bases.  The  original  aggregation  of  the  internal  particles  had  been 
dissolved,  and  a  disposition  given  to  arrange  themselves  in  a  crystalline 
furm." — Mrs.  SomerviUe,  On  the  Connexion  of  the  SeieneeM,  p.  171, 
♦  Dr.  Fleming;  Philosophy  of  Zoology,  vol.  i.  p.  39. 
2  Q  2 


696  THE  W0XDEB8  OF  GEOLOGY.  L»cr.  TI. 

putrefaction  takes  place,— «nd,  finally,  dust  returns  to  dust,  and  the  spi- 
rit of  Man  to  Him  who  gave  it. 

3.    DiSTIKCTION    BETWEEN  AlTIlCALS   AND  YSGETABLBS. 

— I  have  thus  briefly  described  a  few  of  the  phenomena  pe- 
culiar to  organic  existence ;  it  will  now  be  necessary  to  offer 
some  remarks  on  the  distinguishing  characters  of  animals 
and  vegetables ;  for,  unless  we  have  a  clear  perception  of  the 
phenomena  peculiar  to  each,  we  shall  not  obtain  correct 
ideas  of  the  nature  of  zoophytal  organization. 

When  we  compare  together  those  animals  and  vegetables 
which  are  considered  as.  occupying  the  highest  stations  in 
each  kingdom,  we  perceive  that  they  differ  from  each  other 
in  particulars  so  obvious  and  striking,  as  not  to  admit  of 
question.     The  horse  and  the  grass  upon  which  it  feeds — 
the  bird  and  the  tree  in  which  it  builds  its  nest— are  so  e&- 
«entiaUy  distinct  from  each  other,  that  we  perceive  at  once 
that  they  belong  to  distinct  classes  of  organic  nature.     But 
it  is  far  otherwise  when  we  descend  to  those  animals  and 
plants  which  occupy  the  lowest  stations  in  vitality :  here  the 
functions  to  be  performed  are  but  few,  the  points  of  differ- 
ence obscure,  and  it  requires  a  correct  knowledge  of  the 
laws  of  organization  to  enable  us  to  determine,  with  any  de- 
gree of  precision,  where  animal  life  terminates,  and  vege- 
table existence  begins.     The  Lichen  which  grows  on  the 
stone,  and  the  Zoophyte  attached  to  the  rock,  present  but 
little  difference  to  the  common  observer ;   both  are  perma- 
nently fixed  to  the  spot  on  which  they  grow,  from  the  ear- 
liest period  of  their  existence  to  their  dissolution  ;  and  in 
the  vegetable  dried  by  the   heat  of  the   sun,  and   the 
polype  shrivelled  up  from  the  absence  of  moisture  during 
the  ebb  of  the  tide,  he  would  seek  in  vain  for  those  charac- 
ters which  would  assign  the  one  to  the  vegetable,  and  the 
other  to  the  animal  kingdom. 
4.  Nebtoub   System  and  Seksation. — My  limits  will 
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not  permit  me  to  dwell  on  the  distinctions  which  exist  be- 
tween animals  and  vegetables  in  their  chemical  composition, 
nor  on  the  different  influence  produced  on  the  atmosphere 
bj  their  respective  agency :  and  I  must  content  myself  with 
explaining  the  remarkable  endowment  which  is  supposed  to 
be  peculiar  to  animal  organization,  namely,  that  of  sensation, 
and  to  be  dependent  on  that  structure  which  is  termed  the 
Nervous  or  medullary  system. 

When  any  object  comes  in  contact  with  my  finger,  I  am  sensible  of  its 
presence,  and  the  finger  is  said  to  possess  sensation :  but  if  I  compress  or 
cat  across  the  nerre  which  passes  from  the  spinal  marrow  to  the  arm, 
this  faculty  of  semiation  is  suspended  or  destroyed :  the  same  object  may 
come  in  contact  with  my  finger  as  before,  but  no  feeling  is  excited  indi- 
cating to  me  its  presence.  This  phenomenon  is  well  known,  for  every 
one  must  sometimes,  m  lying  or  sitting,  have  compressed  the  nerve  of  the 
arm  or  thigh,  and  occasioned  a  temporary  numbness  and  loss  of  accurate 
feeling  in  the  limb.  I  perceive,  (hen,  by  my  own  experience,  that  sensa- 
tion is  inseparably  connected  with  the  presence  and  condition  of  the 
nerves;  and  that  in  Man  and  the  vertebrated  animals  the  nervous  influ- 
ence is  developed  and  transmitted  by  means  of  the  brain,  spinal  chord, 
and  nerves. 

In  examining  the  other  divisions  of  the  animal  kingdom,  the  presence 
of  a  nervous  system,  more  or  less  developed  according  to  their  respective 
intellectual  and  ph3rsical  endowments,  may  be  detected.  In  those  of  the 
higher  orders,  nervous  filaments  can  be  distinctly  traced,  from  their  ori. 
gin  in  the  brain  or  spinal  marrow,  to  their  distribution  in  the  various 
parts  to  which  they  communicate  sensation,  and  to  the  organs  to  which 
they  impart  the  influence  necessary  for  the  performance  of  their  several 
fimctums.  But  in  proportion  as  the  systems  of  absorbing,  secreting,  and 
circulating  vessels  become  less,  a  corresponding  diminution  takes  place  in 
the  nervous  fibres,  until  at  length  both  vessels  and  nerves  elude  our  finite 
observation,  and  we  are  lefl  to  infer  from  analogy,  that  probably  since 
sensation  depends  upon  the  presence  of  nerves,  and  the  smallest  animals 
evidently  possess  sensation,  a  nervous  system  exists  in  the  minutest  Mo- 
nad which  the  highest  power  of  the  microscope  enables  us  to  descry.* 

*  Hence  Rudolph,  the  celebrated  physiologist,  terms  those  animals  in 
which  no  traces  of  nervine^  or  nervous  matter,  can  be  detected,  the  Cryp- 
Umeura^  or  hidden-nerved. 

Our  knowledge  of  the  nervous  system,  even  in  the  higher  animals,  is 
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In  the  largest  and  most  complicated  vegetable  organisms  no  traces  of 
nerves  are  perceptible,  nor  of  any  substance  which  can  be  considered  as 
at  all  analogous  in  structure  or  function :  it  is  therefore  concluded,  thatt 
as  vegetables  are  destitute  of  nerves,  they  are  likewise  wanting  in  the 
faculty  we  term  sensation.* 

But  the  nerves  not  only  bestow  feeling,  they  also  confer  the  power  of 
voluntary  motion ;  and,  if  the  organs  to  which  the  motor  nerves  proceed 
be  suitably  constructed,  they  enable  the  animal  to  e£fect  progression,  or, 
in  other  words,  to  change  its  situation  from  one  place  to  anotheF.  As  we 
descend  in  the  scale  of  creation,  we  find  many  animals  destitute  of  that 
power,  and  living  on  the  same  spot  from  the  commencement  to  the  ter- 
mination of  their  existence ;  and  all  these  creatures  are  inhabitants  of  the 
water. 

Such,  then,  are  the  essential  characters  of  anunals — an 
external  determinate  form,  gradually  developed,  with  an  in- 
still imperfect ;  and  **  that  there  may  be  sensibility  without  nerves,  and 
contractility  without  muscles,"  in  the  lower  animals  is  a  statement  that 
has  some  support  from  observation.  See  "Seaside  Studies,"  Black- 
wood's Magazine,  1857,  p.  413,  &c. 

*  Although  the  definition  here  given  is  sufficient  for  our  present  pur- 
pose, yet  it  is  necessary  to  state,  that,  in  a  more  rigorous  and  philosophi- 
cal view  of  the  subject,  a  line  of  demarcation  between  the  vital  phenomena 
exhibited  by  animal  and  vegetable  organisms  cannot  be  established.  The 
possession  of  a  stomach  or  digestive  sac,  and  the  power  of  locomotion, 
formerly  thought  to  be  peculiar  to  animals,  are  no  longer  regarded  as 
such.  Even  the  difference  in  the  chemical  processes  effected  by  plants 
and  animals, — ^namely,  the  absorption  of  carbonic  acid  and  the  evolution 
of  oxygen  by  the  former,  and  the  opposite  effects  produced  by  the  latter 
— though  a  very  general,  is  not  a  constant  character ;  for  some  animals 
evolve  oxygen ;  and  from  all  the  parts  of  plants  which  are  not  green, 
carbonic  acid  is  exhaled :  and  when  light  is  removed  from  the  plant,  the 
same  thing  happens  everywhere.  See  Dr,  Bence  Jones's  GuUtonian 
Lecturesy  for  1846.  The  very  difficult  subject  of  the  distinctive  separa- 
tion of  the  border-forms  of  animal  and  vegetable  life  is  treated  more  or 
less  fully  in  nearly  every  work,  original  or  compiled,  on  zoology  and 
physiology :  for  example,  see  Literary  Gazette,  1856,  p.  965 ;  and  Brit, 
and  For.  Med.  Chir.  Review,  July,  1856,  p.  3.  The  reader  should  also 
avail  himself  of  the  lucid  and  eloquent  r6sum^  of  opinions  on  this  subject 
in  M.  P.  H.  Gosse's  elegant  little  work  on  "  Life  in  its  Lower,  Inter- 
mediate, and  Higher  Forms,"  1857,  p.  25,  &c.,  where  Dr.  Burnett  (in 
Siebold's  "  Comparative  Anatomy  "}  is  especially  quoted. 
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temal  organization  poaaessing  Tessels  for  effecting  nutrition 
and  support,  and  ci^ble  of  attracting  and  aflsimilating 
particles  of  inorganic  matter;  combined  with  a  nerrous 
system  communicating  sensation  and  voluntary  motion;  a 
certain  term  of  existence  being  assigned  to  determinate 
forms, — in  other  words,  a  period  of  life  and  death. 

5.  DiTZBsiTT  OF  Animal  fobmb. — Animals  are  aa  varied 
in  form  and  magnitude  as  the  imagination  can  conceive; 
from  the  god-like  image  of  Man  to  the  globule  of  jelly  that 
floats  upon  the  wave, — ^from  the  Elephant  and  the  Whale  to 
the  Insect  and  the  Animalcule,  of  which  millions  may  be 
contained  in  a  drop  of  water.  In  fact,  so  numerous  and 
dissimilar,  both  in  form  and  structure,  are  the  animal  organ- 
isms that  exist  on  the  earth,  that  the  opinion  of  Astronomers 
that  the  inhabitants  of  the  worlds  around  us  must,  from  the 
different  densities  and  conditions  of  the  respective  planets, 
be  totally  distinct  and  unlike  any  that  are  known  to  us,  can- 
not be  considered  as  incredible  or  marvellous.*  But  of  all 
the  shapes  in  which  animal  existence  presents  itself  on  our 
globe,  none  are  more  extraordinary,  or  unlike  what  is  com- 
monly conceived  of  living  beings,  than  those  of  the  com- 
pound creatures  which  have  been  described  by  naturalists 
under  the  name  of  "  Zoophytes,*'  or  "  Animal-plants,'*  and 
are  familiarly  known  in  their  varied  forms  by  the  names 
of  Polyps,  Corals,  Dead-men's-hands,  Sea-pens,  Sea-fans, 
Sponges,  Soc. 

6.  Zoophytes. — In  classifying  the  Animal  Kingdom, 
naturalists  have  always  readily  recognised  the  distinct- 
ness of  the  three  great  divisions,  now  known  as  the  Yerte- 
brated  {Vertehrata  of  Cuvier),  the  Molluscous  (JMollusca  of 
Cuvier),and  the  Articulate  or  Annidose  animals  {Articulata 
of  Cuvier ;  Annulow  of  Macleay)  ;  but  besides  these  there 
is  an  extensive  and  somewhat  heterogeneous  series  of  ani- 

*  See  Thoughti  on  Animalcules,  or  a  Glimpse  of  the  Invisible  World 
levealed  by  the  Microscope,  p.  7. 
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mals,  generallj  of  far  more  simple  structure  as  iodividuala, 
though  frequently  ezistiug  in  compound  and  intimately 
united  groups.  These  were  termed  Badiaria  or  Badiata  by 
Lamarck,  Fleming,  and  others,  on  account  of  the  apparent 
or  fancied  radiation  of  the  organs  and  parts  of  the  animal. 
In  this  sub-kingdom  were  arranged  the  Echinoderms,  the 
Zoophytes,  the  Entozoa,  the  Infusoria,  the  Sponges,  &c. 
Becent  researches  have  led  to  an  improved  classification  of 
these  lower  animals  in  many  respects,  as  may  be  seen  in  the 
works  of  modem  anatomical  and  physiological  naturalists;* 
and  it  will  be  sufficient  here  to  point  out  that  the  word 
Zoophyte  is  now  technically  used  to  indicate  the  Corals  only, 
although  in  a  general  sense  all  the  plant-like  animals  are 
sometimes  called  Zoophytes. 

Of  these  plant-like  animals  there  are  three  important  and 
very  distinct  groups.    The  Biyozoa,f  or  "  Moss-animals ;" 

*  See  Owen's  Lectures  on  the  Inrertebrate  Animals,  2nd  Edit. - 
Carpenter's  General  and  Comparative  Physiology,  New  Edit ;  Huxley's 
Lectures  on  General  Natural  History,  in  the  "  Medical  Times,"  1856 — 
57 ;  Van  der  Hoeven's  Hand-book  of  Zoology  (translated  by  Dr.  Clarke) ; 
Siebold's  Hand-book  of  Invertebrate  Animals;  Milne  Edwards'  Zoo- 
logie ;  Dallas's  Natural  History  of  the  Animal  Kingdom ;  Rymer  Jones's 
Animal  Kingdom,  New  Edit. ;  Agassis  and  Gould's  Comparative  Ana- 
tomy, &c..  New  Edit.    (Bohn.) 

t  So  called  by  Ehrenberg,  on  account  of  their  small  branches  and 
frond-like  forms,  in  contrast  with  the  Anthozoa,  or  "  Flower-animals," 
as  he  terms  the  true  Corals,  with  the  finely  coloured  flower-like  expan- 
sions on  their  branching  and  often  tree-like  skeletons.  Both  of  these 
groups  have  also  other  names ;  for  instance,  the  Bryoxoa  or  Moss-corals 
are  the  **  Polyzoa"  of  Thompson,  the  "Zoophyta  Ascidioida"  of  John- 
ston, and  the  "  Ciliobrachiata"  of  Farre ;  and  the  Corals  are  the  **  Poly- 
pifera"  of  Grant,  and  the  "  Phytozoa"  of  Brandt. 

The  name  Bryozoa  is  here  preferred  to  the  somewhat  earlier  one  of 
**  Polyzoa"  (which  Dr.  Busk  uses  in  his  valuable  descriptions  of  these 
little  animals,  in  his  *'  Catalogue  of  the  Marine  Polyzoa  in  the  British 
Bluseum,"  and  in  his  *'  Zoophytology  "  in  the  "  Microscopical  Journal "), 
because  it  is  a  better  and  more  distinctive  name,  there  being  several  other 
groups  of  Poiyzoie  animals ;  because  it  has  been  extensively  used  in 
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the  AntkazoOy  or  Corals  {Zoophyta  proper) ;  and  tbe  Amor* 
pkozoa,  or  Sponges. 

The  Bryozoa*  are  compound  animals,  grouped  on  a  homy 
or  calcareous  frame-work  (termed  the  "polyzoary,"  or  the 
"polypary,"  as  is  also  that  of  the  Corals,  also  the  ccenaciumj 
or  *'  common  dwelling'*)  ;  the  individuals  or  polypes  are  of 
minute  size ;  the  body  has  a  ring  of  hollow  ciliated  tenta* 
des  around  the  mouth ;  the  alimentary  canal  consists  of  a 
stomachy  gizzard,  and  an  intestine,  which  has  a  free  separate 
▼enty — a  character  of  much  importance,  placing  the  Bryozoa 
above  the  Corals  in  the  scale  of  creation,  and  indicating 
their  alliance,  on  the  one  hand,  to  the  Rotifera  among  the 
Articulata,  and  to  the  Brachiopoda  and  Tunicaia  among  the 
MolluscSy  on  the  other.  Many  of  the  Moss-corals  occur  on  the 
shells,  rocks,  and  seaweeds  of  our  shores  ;  and  some  of  them 
take  the  form  of  delicate  Algaa,  and  have  been  often  collected 
as  such.  They  have  been  also  miscalled  "  Corallines ; '*  but  the 
real  Corallines  (Corallina  officinalis  and  its  allies),  although 
stony  in  structure,  are  really  plants,  belonging  to  the  AlgsB : 
there  is,  therefore,  no  relation,  except  that  of  "  mimetic  re- 
semblance," between  the  Corallines  and  the  Corals,  much 
less  the  Bryozoa. 

The  Anthozoa,  or  Folifpifera,^  comprise  three  kinds  of 


Boology  and  paleontology ;  and  because,  in  the  case  of  appellations  in- 
Tented  for  ffroups  of  animals,  plants,  or  minernls,  whether  they  be  names 
oTffpnera,  families,  orders,  or  classes,  it  is  not  the  priority,  bnt  the  adapt- 
ability of  the  term  that  should,  with  few  exceptions,  determine  the 
general  use  of  such  appellations,  under  which  the  many  series  of  de- 
scribed species  are  successively  grouped  and  regrouped  by  philosophical 
naturalists. 

With  "specific"  names,  howerer,  the  case  is  different ;  the  published 
name  of  a  species  is  (or  ought  to  be)  not  only  the  established  technical 
appellation  of  a  distinct  form  in  nature,  but  also  the  registered  evidence 
of  the  successful  labour  and  acumen  of  its  discoverer  and  describer. 

•  Medals  of  Creation,  vol.  i.  p.  265,  &c. 

t  Medals,  vol.  i.  p.  251,  &c.    See  also  Edwards  and  Haime's  Mono- 
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Polyp-animals, — 1st,  one  of  very  simple  form  of  structure, 
like  that  of  the  "Fresh- water  Polype,"  or  Htfdra;  hence 
this  group  is  called  the  Mydroida  :*  2nd,  with  a  less  simple 
structure,  other  cavities  existing  in  the  body,  besides  that  of 
the  stomach ;  this  is  typified  by  the  common  Sea-anemone 
{Actinia)  ;  and  the  group  is  termed  the  AcHnoidea  or  Zoan^ 
tharia  (animal-flowers),  including  the  great  mass  of  the 
stony  Corals  (Madrepores,  &c.)  :  and,  3rd,  the  Asteraida  or 
Alcyonaria,  having  the  common  AJcyonium  or  Dead-man's- 
hand  for  their  type,  and  being  characterized  by  their  nearly 
simple  stomach,  and  by  the  polypary  being  either  spongy 
or  horny  and  gelatinous,  and  rarely  forming  a  stony  axis. 

The  Sponges,  or  Porifera,^  present  innumerable  variations 
of  form ;  they  are  composed  of  a  usually  fibrous  skeleton, 
covered  with  a  gelatinous  coating,  in  which  cilia  and  tempo- 
rary alimentary  openings  have  been  observed;}  the  skeleton 
or  axis  is  perforated  with  large  and  small  passages,  and  is 
frequently  interwoven  with  silicious  or  calcareous  spicula. 
These  creatures  are  much  lower  in  the  scale  than  either  of 
the  other  Zoophytes.  They  hold  a  place  on  the  confines  of 
animality,  and  indeed  present  but  few  essential  points  of 
difference  from  vegetable  organisms. 

A  group  of  fossil  bodies,  chiefly  from  the  chalk,  and  known 
under  the  name  of  "  Ventriculites,"  §  were  long  regarded  as 
Sponges;  but,  on  account  of  certain  peculiarities  iu  the 
structure  of  their  tissue,  Mr.  Toulmin  Smith  |  has  assigned 
to  them  a  higher  place  in  the  animal  series. 

graphs  on  Fossil  Corals  (Introduction),  1850—^4,  Paleont.  Society; 
Dana's  Zoophytes  ;  BlainTiIle*s  Actlnologie,  &c. 

•  Also  known  as  the  Sertularid^  f  Medals,  vol.  i.  p.  219. 

t  Bowerbank,  Report  Brit.  AssoCm  1856  and  1857;  and  Roy.  Soc 
Proc.  1857. 

§  See  above,  toI.  1.  p.  330 ;  and  Medals,  vol.  L  p.  241.  In  the  Lin- 
naean  Transact,  vol.  xi.  p.  401,  the  author  first  referred  theao  peculiar 
organic  bodies  to  the  AlcyotUum, 

II  Auaals  Nat  Hist.  2  aer.  vol.  i.  1848,  p.  36,  &c. 
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7.  Ahimal  iTATUEE  OF  ZooPHYTES. — Corak  were  long 
regarded  by  Naturalists  as  animal-plants  (as  the  word 
'^ZoophTtes"  literally  means),  but  Ferrante  Imperato,  in 
I5d9,  and  Personnel,*  in  1751,  were  the  first  to  insist  on 
the  true  nature  of  these  plant-like  animals.f  It  was,  how- 
ever, in  ibis  town  (Brighton)  that,  in  the  year  1752,  the 
animal  nature  of  many  of  the  Zoophytes  which  abound  on 
the  Sussex  coast  was  first  established.}  Mr.  Ellis, §  an 
eminent  Naturalist,  was  engaged  in  forming  a  collection  oi 
marine  plants,  and,  having  occasion  to  eiLamine  some  of  the 
specimens  through  a  powerful  microscope,  he  was  astonished 
to  find  that  the  Sponges,  at  that  time  supposed  to  be  veget- 
ables, possessed  a  system  of  pores  and  vessels  through  wUch 
the  sea-water  circulated ;  and  that  many  of  the  Bryozoa  ex- 
hibited cells,  from  which  tentacula  or  feelers  were  constantly 
protruding,  and  then  suddenly  retracting,  as  if  seizing  and 
devouring  prey.  Subsequent  observations  have  proved  that 
the  substance  we  call  *' sponge"  is  the  skeleton,  or  support, 
of  a  gelatinous  and  vascular,  or  sometimes  granular,  sub- 
stance which  invests  it,  and  which  may  be  considered  as  the 
flesh  of  the  animal.||  When  viewed  through  the  microscope, 
innumerable  pores  are  seen  on  the  surface  of  the  Sponge 
constantly  imbibing  salt  water,  which  circulates  throughout 
the  mass,  and  is  finally  rejected  from  the  large  openings ; 
this  water  doubtless  contains  the  living  atoms  that  constitute 
the  food  of  this  zoophyte,  but  which  are  so  minute  as  to 

•  Pha.  Tnos.  Abridg.  vol.  x.  p.  257. 

t  For  the  history  of  the  researches  of  Naturalists  among  the  Zoophytes, 
see  Dana's  '*  Structure  and  Classification  of  Zoophytes,"  1846 ;  BlainviDe 
"Manuel  d'Actinologic,"  1834;  and  Johnston's  ''History  of  British 
Zoophytes,"  1838,  and  Neifr  Edit. 

I  See  Prof.  Allman's  Introduction  to  his  magnificent  **  Monograph  of 
freshwater  Polyzoa"  (Ray  Soc.)>  1856,  for  a  complete  history  of  the  re- 
cognition of  these  Zoophytes  as  animals,  and  as  forming  a  distinct  class. 

{  Author  of  the  heautiful  work  on  "  British  Corallines,"  &c.~  long  the 
itandaid  authority  on  Zoophjrtology. 

U  Grant,  Edinh.  PhiU  Joum.  vol.  xiii.  p.  102. 
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elude  observation.  It  is  only  of  late  that,  after  long  and 
patient  observations,  Mr.  Bowerbank  has  succeeded  in  de- 
monstrating  the  existence  of  true  mouth-like  opening^  in 
the  jelly-like  coating,  or  sarcode,  of  the  Sponge.  These, 
however, — wonderful  as  it  maj  appear! — are  of  a  temporary 
nature ;  being  opened  in  any  part  of  the  surface,  apparently  at 
the  will  of  the  animal,  and  at  long  intervals  of  time,  and 
closing  up  again  in  a  short  time,  without  the  least  trace  of 
them  remaining.* 

The  Sponges,  however,  approach  so  closely  in  their  struc- 
ture to  certain  plants,  that  many  eminent  Naturalists  have 
referred  them  to  the  Vegetable  kingdom,  believing  that,  if  a 
line  could  be  drawn  between  animals  and  vegetables,  the 
Sponges  should  be  placed  among  the  latter.  But  these 
bodies  appear  to  me  to  hold  an  intermediate  place, — ^to  be 
on  the  boundary  line  that  intervenes  between  the  two  grand 
divisions  of  animated  nature ;  they  are,  in  short,  true  Zoo- 
phytes or  Animal-plants ;  it  will,  therefore,  be  instructive  to 
dwell  a  brief  space  on  the  investigation  of  their  structure 
and  economy. 

The  living  Sponge,  when  highly  magnified,  exhibits  a 
cellular  tissue,  permeated  by  pores,  wnich  unite  into  cells, 
or  tubes,  that  ramify  through  the  mass  in  every  direction, 
and  terminate  in  larger  openings.  In  most  Sponges  the 
tissue  is  strengthened  and  supported  by  spines  or  spicula  of 
various  forms,  and  which,  in  some  species,  are  silicious,  and 
in  others  calcareous.f  The  minute  pores  through  which  the 
water  is  imbibed  have  a  fine  transverse  gelatinous  net-work, 
and  projecting  spicula,  by  which  large  animalcules  or  noxious 
particles  are  excluded  ;  water  incessantly  enters  into  these 

•  Bowerbank,  Brit.  Assoc.  Reports,  lftJ>6,  p.  438 ;  and  1857. 

t  For  descriptions  of  the  Spicula  of  Sponges,  see  Prof.  Quekett's  Lec- 
tures on  Histology ;  and  his  Catalogue  of  the  Histological  series  in  the 
Museum  of  the  College  of  Surgeons,  p.  177,  &c.,pl.  10, 11.  Mr.  Bower- 
bank's  forthcoming  History  of  the  British  Sponges  (Ray  Society)  will 
supply  full  details  of  all  these  curious  organic  structures. 
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pores,  traTenee  the  cells  or  tubes,  and  is  finally  ejected  from 
the  large  Yents.  But  the  pores  of  the  sponge  have  not  the 
power  of  contracting  and  expanding,  as  Ellis  supposed ;  the 
water  is  attracted  to  these  openings  by  the  action  of  instru- 
ments of  a  yery  extraordinary  nature  (cilia),  by  which  cur- 
rents are  produced  in  the  fluid,  and  propelled  in  the  direc- 
tion required  by  the  economy  of  the  animal.* 

8.  Cii*iA,t  OB  viBBATiLB  OBOAKS. — Although  these  or- 
gaos^  which  are  termed  Cilia  from  their  hair-like  appearance, 
are  not  confined  to  the  class  of  animals  which  form  the  sub- 
ject of  this  inquiry,  yet  they  play  so  important  a  part  in  the 
economy  of  Zoophytes  and  all  other  animals,  that  it  will  be 
necessary  to  define  their  structure  and  functions.  These 
processes  resemble  very  slender  fibres  or  hairs,  and  are  only 
Tisible  under  a  powerful  microscope.  They  are  situated  on 
parts  habitually  in  contact  with  water  or  some  other  fluid, 
and  possess  the  power  of  performing  a  rotatory  or  circular 
oscillation  with  great  rapidity,  by  which  they  produce  cur- 
rents and  eddies  in  the  surrounding  fluid. 

When  a  drop  of  water  containing  Infusoria  is  brought  under  tbe 
microBCope,  it  ii  seen  that,  as  the  creatures  move  along,  every  particle  of 
foreign  matter  near  them  is  agitated,  a  phenomenon  indicating  eddies  in 
the  water.  When  the  animalcules  remain  stationary,  the  currents  are 
more  distinct,  and  evidently  take  certain  directions,  causing  the  particles 
of  matter  to  run  in  a  stream  to  and  from  the  animal.  If  a  very  high 
magnifying  power  be  employed,  transparent  filaments  will  be  distinguish- 
ed projecting  ixom  the  surface  of  the  animalcules,  and  moving  with  ex- 
treme rapidity.  These  are  the  Cilia,  which  serve  to  assist  in  progression, 
and  when  the  animal  is  stationary,  impel  the  water  in  currents  through 
the  carities  and  tubes  on  which  Uiey  are  distributed :  these  must  not  be 
mistaken  for  the  tentacula,  or  feelers,  for  they  are  fringes  of  delicate 
fibres  investing  those  instruments  and  the  internal  surfaces  of  other  or- 
gans. The  Cilia  are  so  minute,  that  their  outward  form,  position,  and 
tbe  direction  of  their  motions  only  can  be  detected,  their  internal  struc- 

*  Dr.  Grant,  Mr.  Bowerbank,  and  some  other  Naturalists  affirm  the 
existence  of  vibratiie  dlia  in  Sponges.  See  Gosse's  "  Life,"  p.  4,  and  p. 
S4,  &c.  t  From  cilium,  an  eye-labU. 
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ture  eluding  observation.  In  the  simplest  animal  organisms  they  are  the 
organs  by  which  motion  and  respiration  are  effected,  and  the  food  neces- 
sary for  nutrition  obtained.  But  they  exist  also  in  Man  and  the  higher 
orders  of  vertebrata,  and  are  the  instruments  by  which  many  of  the  most 
important  functions  of  the  animal  economy  are  performed.  As  we  can- 
not separate  the  idea  of  muscular  fibre  from  animal  motion,  it  is  con- 
jectured that  the  Cilia  are  impelled  by  definitely  arranged  muscles :  and 
Ehrenberg  believes  he  has  detected  these  muscles  in  some  of  the  larger 
Infusoria.*  The  number  of  the  cilia,  even  in  an  animalcule  invisible  to 
the  naked  eye,  is  almost  incredible ;  Dr.  Grant  calculates  that  a  single 
polype  of  a  Flustra  has  400  millions. 

9.  The  Htdea,  ob  feesh-watbe  PoLTPE.f — Before  de- 
scribing the  zoophytes  which  are  the  immediate  subject  of 
this  Lecture,  I  would  call  your  attention  to  one  of  the  moat 
simple  forms  of  animal  life  that  abounds  everywhere  in  fresh- 
water streams,  and,  being  relatively  of  considerable  size,  will 
afford  a  convenient  illustration  of  some  of  the  vital  phe- 
nomena exhibited  in  the  coral-zoophytes  which  give  rise  to 
reefs  and  islands  in  the  seas  of  warm  climates,  and  of  one 
group  of  which  (the  Hydroida  or  SertularicUe)  it  is  the 
simplest  form  and  type.  This  is  the  Hydra,  or  fresh-water 
polype,  of  which  two  or  three  kinds  inhabit  our  ponds, 
rivulets,  &c.  They  are  generally  attached  to  the  stems  and 
leaves  of  aquatic  plants ;  and  the  largest  species,  when  in  an 
expanded  state,  is  from  a  quarter  to  half  an  inch  long,  and  of 
the  size  of  a  hog's  bristle ;  it  is  constricted  at  the  end  at- 
tached to  the  plant,  and  has  an  aperture  or  mouth  at  the 
free  extremity,  from  around  which  proceed  from  six  to  ten 

*  See  the  representation  of  the  Cilia  on  the  rotatory  organs  of  the 
Rotifer  or  Wheel-animalcule  in  "  Thoughts  on  Animalcules,'*  p.  35.  The 
continuance  of  the  ciliary  motion  in  parts  separated  from  the  rest  of  the 
body  of  Mytilus  and  many  other  animals,  and  even  for  some  time  after 
death,  proves  that  the  action  is  automatic,  or  independent  of  the  will  of 
the  animal. 

t  Polype,  or  polypus  (mony/ee#),  is  a  name  derived  from  the  tenta- 
cula  or  processes  which  in  some  species  serve  for  progression,  in  others 
for  respiration.  The  name  has  been  also  applied  to  some  of  the  many- 
armed  Cephalopoda 
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long  delicate  teDtacula  (Li^n,  139,^y.  4).  The  JEifdra  pre- 
eent  an  example  of  a  highly  endowed  organism  of  the  sim- 
plest structure;  the  whole  animal  consisting  merely  of  a 
gelatinous,  transparent,  open  cylinder,  or  tube,  contracted 
at  one  extremity,  and  haying  the  margin  of  the  other  pro- 
longed into  tubular  tentacula.  It  is,  in  fact,  a  stomach,  or 
dig»tiYe  sac,  with  no  a*  pondage  but  the  instruments  for 


5  0  7  8  9 

Lion.  l».— htdkjb  or  frxshvatjee  Polypes. 

(l%t  t^fp«  pftluHifdroU  or  Strtularimn  OtraU.J 

FlfC.  1.  Hpdra  >Waea  magnlfled.  the  t«nt«ciila  partially  expanded.  *.  Two  Hydro  on  the 
aame  base,  one  contracted,  the  other  expanded.  3.  Hpdrm  viridii,  natural  alxe.  4.  Hjdra, 
with  the  body  enlarged  from  Its  containing  food.  5.  Vertical  lectlon  of  Spdra  viriiit, 
kiglily  mairnifled.  «,  7,  8.  Hjrdne  in  rariona  atatea  of  progreaaion.  9.  A  double  Hydra, 
prodaced  by  therertleal  lection  of  a  aingle  one. 


seizing  its  prey.  A  vertical  section  {Lign.  139,  Jig.  6), 
highly  magnified,  shows  the  interior  of  the  receptacle  for  the 
food,  the  relative  thickness  of  its  substance,  and  the  manner 
in  which  the  tentacula  are  formed  by  an  extension  of  the 
upper  margin.  The  Hydra  is  endowed  with  vitality  in  a 
very  extraordinary  degree,  and  its  substance  is  highly  sensi- 
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tive  and  contractile  in  all  its  parts.  It  fixes  itself  to  other 
bodies  by  the  small  end  of  the  tube,  and  expands  and  con* 
tracts  at  pleasure.  These  enlarged  drawings  (Li^n,  139) 
represent  the  polypes  in  different  positions  and  states  of 
contraction.  The  mode  of  progression  is  shown  in  Jiys.  6, 
7,  8 ;  it  is  effected  by  the  bending  of  the  body  into  a  curve, 
and  holding  by  the  tentacula ;  the  base  is  then  brought  into 
contact  with  the  fixed  point,  and  the  tentacula  are  again 
projected  forwards.  The  Hydra  *  can  greatly  elongate  the 
body,  and  also  contract  itself  into  a  small  globular  mass,  as 
in  the  uppermost  polype  in^y.  2.    • 

The  most  extraordinary  vital  endowment  possessed  by 
these  fresh- water  polypes  is  that  of  the  reproduction  of  lost 
parts  to  an  almost  unlimited  extent ;  even  to  the  formation 
of  several  perfect  animals  from  the  separated  pieces  of  a 
single  individual.  If  the  body  be  split  in  half,  each  portion 
grows  into  a  complete  Hydra,  as  is  shown  in  this  drawing 
(Jiff.  9) ;  and,  as  if  there  were  no  limits  to  its  transforma- 
tions, the  creature  may  be  turned  inside  out,  and  that  which 
Avas  the  surface  of  the  stomach  will  become  the  epidermis, 
and  the  outer  skin  form  the  lining  of  the  new  stomach,  and 
carry  on  the  process  of  digestion  If 

10.  Element 4lBY  oeoanic  steucttiiie;  Cells.  —  The 
interpretation  of  these  phenomena  is  to  be  found  in  the 
peculiar  organization  of  the  Hydra,  its  entire  structure 
being  nothing  more  than  an  aggregation  of  cells. 

A  vertical  section  of  the  Polype  {Li^n.  139,/^.  5)  shows  the  internal 
cavity  or  digestive  sac,  the  relative  thickness  of  the  substance  of  the  body, 
and  the  manner  in  which  the  arms  are  formed  by  a  prolongation  of  the 
upper  part  into  hollow  processes.  This  animal  is,  in  fact,  a  simple  sac 
or  pouch  formed  of  a  congeries  of  cells,  for  the  reception  and  assimilation 

*  See  "Thoughts  on  Animalcules,"  PI.  I.,  for  coloured  figures  of  the 
HydrfB. 

t  Abraham  Trembley  of  Geneva,  in  1740,  first  observed  this  wonder- 
ful property  of  the  Hydra.  See  his  work,  "  M^moires  pour  servir  k 
rilistoire  d'un  Genre  de  Polypes  d'Eau  douce."    4"*.  Leyde,  1744. 
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of  food.  The  cells  lining  the  stomach  select  and  absorb  the  nutritions 
paiticlea,  and  the  tube  then  spontaneously  contracts  and  casts  out  the 
residae  of  digestion.  This  organization  is  analogous  to  that  of  the  sim- 
pkat  condition  of  the  vegetable  kingdom,  the  CettuloBa:  for  even  the 
large  Fuei,  or  sea-weeds,  consist  only  of  cells.  The  fresh-water  Conferva 
are  merely  jointed  films  composed  of  cells,  containing  granules  or  lesser 
ceU«.  A  cell  bursts,  the  granules  escape,  and  float  in  the  water  until 
they  become  fixed  to  some  other  body ;  they  then  reproduce  cells,  which 
■re  aggregated  after  the  same  pattern  as  in  the  parent  plant.  The  com- 
moo  mould  or  mustiness  is  a  cluster  of  plants  formed  of  cells  only ;  and 
there  are  some  regetables  in  which  the  entire  plant  consists  of  but  one 
iaoiatsd  ceil;  such  as  the  red  snow  (Leparia nivalis) ;  whilst  in  the  y east- 
fungus  {Tbrtula  eermtttf),  the  plant  consists  of  but  one,  two,  three,  or  a 
few  more.  In  these  examples  we  see  that  all  the  functions  of  vegetable 
life»  namely,  absorption,  assimilation,  the  fixation  of  carbon  from  the 
atmosphere,  respiration,  exhalation,  secretion,  and  reproduction,  can  be 
effected  by  one  single  cell.  Even  in  the  highest  and  most  complicated 
orders  of  vegetables,  in  which  there  is  a  variety  of  organs  adapted  for  the 
performance  of  different  ofBces,  these  functions  are  effected  by  the  agency 
of  ceils,  which  obtain  materials  of  formation  and  support  from  the  ordi- 
ntry  chemical  agents  around  them.  Thus  an  aggregation  of  simple  cells 
firms  the  cellular  tissue;  a  fusion  or  blending  of  several  cells  produces 
the  vessels,  and  so  forth ;  and  by  cells  are  elaborated  the  gum,  resin,  oil, 
starch,  0uten,  &c:  and  by  cells  specially  endowed  are  secreted  the 
narcotic  substance  of  the  poppy,  the  deadly  poison  of  the  nightshade,  and 
the  stimulant  aromatic  of  the  clove. 

In  like  manner,  in  animal  sfructures,  all  the  various  processes  of  vital- 
ity arte  performed  by  cells  or  globules,  varying  in  size  from  infinite  mi- 
DutenesH  to  forms  visible  to  the  unassisted  eye.  Thus  one  system  of  cells 
secretes  the  bile,  another  the  adipose  substance,  another  the  nervous 
matter,  and  so  forth;  but  how  these  special  products  are  formed  by  cells 
tpparently  of  similar  organization  we  know  not.  Whether  the  special 
endowment  belonging  to  the  system  of  cells  of  a  particular  organ  depends 
00  the  intimate  structure  of  the  wall  or  tissue  of  such  cells,  and  this 
fitmctiue  be  so  attenuated  and  infinitesimal  as  to  elude  our  observation, — 
or  whether  it  results  from  the  transmission  of  some  peculiar  modification 
of  that  mysterious  vital  force  we  term  nervous  influence, — are  questions 
to  which,  I  apprehend,  no  satisfactory  reply  can  be  given. 

In  fine,  a  minute  globular  cell  is  typical  of  the  common  germ  from 
which  all  organic  fabrics  proceed.  All  animals  and  plants,  therefore, 
may  mstly  be  regarded  as  definite  aggregations  of  cells,  endowed  with 
specific  properties  in  the  different  types,  and  subjected  to  a  never  vary- 
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ing  law  of  derelopment ;  and  in  animals,  as  well  as  in  plants,  there  are 
certain  kinds  in  which  the  entire  organism  consists  of  but  a  single  cell ;  * 
and  others  in  which  each  individual  is  but  a  cluster  of  such  cells  arranged 
in  a  definite  manner.  These  mere  aggregations  of  cells  perform  all  the 
functions  of  animal  lire,  viz.  the  maintenance  of  a  particular  form  for  a 
certain  period,  the  elaboration  of  materials  of  support  from  food,  locomo- 
tion, and  the  perpetuation  of  the  species ;  hence  these  animals,  like  tlie 
simplest  plants,  may  be  divided  without  losing  their  vitality,  and  every  part 
may  become  a  perfect  individual.  To  this  class  of  organization  belongs  the 
Hydra;  and  the  above  exposition  of  its  structure  renders  the  production  of 
several  animals  from  the  vivisection  of  an  individual  perfectly  intelligible. 

11.  Analoot  not  Identity. — And  here  I  must  briefly 
comment  on  the  doctrine  of  the  law  of  development,  as  it  is 
termed,  so  speciously,  but  unphilosophically,  advocated  in  a 
late  work  ;t  in  which  it  is  attempted  to  show,  that  all  the 
varied  forms  of  organic  life  are  the  result  of  a  law  by  which 
is  produced  an  unbroken  chain  of  gradually  exalted  organiza- 
tion, from  the  crystal  to  the  globule,  and  thence  through 
successive  stages  of  the  polype,  moUusk,  Ac,  up  to  Man.{ 

The  following  remarks  will  serve  to  show  the  fallacy  of  this  reasoning. 
Though  it  is  an  established  physiological  axiom,  that  cells  are  the  ele- 
mentary basis,  the  ultimate  limit  to  which  we  can  trace  all  animal  and 
vegetable  structures,  and  that  the  varied  functions  iu  which  organic  life 
esbentially  consists  are  performed  by  the  agency  of  cells  not  distinguish- 
able from  each  other  by  any  well-marked  characters,  there  is  not  the 
slightest  ground  for  assuming  any  identity  between  the  primary  cells  of 
ihe  simplest  species  of  animals  and  vegetables,  much  less  those  of  higher 

*  The  Monads :  see  "  ThougbU  on  Animalcules,"  Plate  II. 

t  Vestiges  of  the  Natural  History  of  the  Creation. 

X  The  following  remarks  of  Sir  John  Herschel  on  this  theory  are  too 
important  to  be  omitted.  "  The  transition  from  an  inanimate  crystal  to 
a  globule  capable  of  such  endless  organic  and  intellectual  development  is 
as  great  a  step — as  unexplained  a  phenomenon — as  unintelligible  to  us  — 
and  in  any  human  sense  of  the  word  as  miraculoui,  as  would  be  the  imme- 
diate creation  and  introduction  upon  earth  of  every  species  and  every  in- 
dividual. Take  the  amazing  facts  of  Geology  which  way  we  will,  we 
must  resort  elsewhere  than  to  a  mere  speculative  law  of  development  fur 
their  explanation."— JBrt£.  Auoc*  Reptirtfor  1845,  p.  42. 
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organization.  The  single  cell  which  embodies  ritality  in  the  yeost-fungus 
or  the  monad  is  gOTemed  by  the  same  immutable  organic  laws  which 
preside  OTer  the  complicated  structure  of  Man  and  the  other  vertebrata : 
and  the  single  cell  which  is  the  embryotic  condition  of  the  Mammal  has 
no  more  relation  to  the  single  cell  which  is  the  permanent  condition  of  the 
monad,  than  has  the  perfect  animal  into  which  the  mammalian  cell  is 
ultimately  developed.  The  cell  that  forms  the  germ  of  each  species  of 
organism  is  endowed  with  special  properties,  which  can  result  in  nothing 
bat  the  fabrication  of  that  particular  species.  There  is  an  analogy  be- 
tween the  human  embryo  and  the  monad  of  the  VoWox,  in  that  each 
consists  of  simple  cells ;  but  there  is  no  mord  identity  between  the  hu- 
man and  infusorial  cells  than  between  the  perfect  Man  and  the  mature 
Animalcule/ 

12.  The  Bbtozoa. — From  this  digression  we  return  to 
the  consideration  of  the  Zoophytes,  and  especially  of  the 
Bryozoa,  which  stand  first  in  order  among  the  plant-like 
animals,  and  are  well  called  Moss-animals  on  account  of  their 
aggregated  masses  incrusting  other  bodies  like  moss.  They 
present  numerous  fresh-water  species,t  &&  well  as  an  extra- 
ordinary abundance  of  marine  forms.  Their  polypes,  though 
exceedingly  minute,  are  highly  organized,  their  digestive 
organs  being  more  complicated  than  those  of  the  other 
tribes  of  Zoophytes.}  I  will  select  one  of  the  most  simple 
and  common  forms  in  illustration  of  the  subject.  Most  per- 
sons in  their  rambles  along  the  sea-shore  must  have  noticed 
on  the  seaweeds,  shells,  and  pebbles  patches  of  a  white  re- 
ticulated substance,  which,  when  closely  examined,  appear 
iike  delicate  lace-work :  these,  apparently  mere  earthly  parti- 
cles, are  clusters  of  the  compound  zoophytes  termed  Mu8tra\ 
or  "  Sea-mat."     {See  Hate  Y.Jigs,  6,  6,  7,  8.) 

*  See  Notes  to  "  ThoughU  on  Animalcules ; "  and  Westminster  Re- 
view, No.  XC.  Art.  "  The  Microscope  and  its  Revelations." 

f  Most  philosophically  described  and  most  beautifully  illustrated  by 
Prof.  AUman  in  his  "  Monog.  Fresh-water  Polyzoa,"  1850  (Ray  Society). 

X  See  above,  p.  GOl. 

{  The  word  Fluatra  is  here  intended  to  comprise  the  closely-allied 
genus  Membranipora,  as  formerly,  for  the  sake  of  convenience  of  refer- 
ence and  description. 
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The  Flustra,*  when  taken  idive  out  of  the  water,  presents 
to  the  naked  eye  the  appearance  of  fine  net-work,  coated 
over  with  a  glossy  varnish  (P/.  Y,Jig.  6) ;  with  a  glass  of 
moderate  power,  the  surface  is  discovered  to  be  full  of  pores, 
disposed  with  much  regularity  (JPl,  ^^fig.  8).  If  a  magni- 
fying glass  be  employed  while  the  Flustra  is  immersed  in 
sea-water,  very  different  phenomena  appear ;  the  surface  is 
found  to  be  invested  with  a  fleshy  or  gelatinous  substance, 
and  every  pore  to  be  the  opening  of  a  cell,  whence  issues  a 
tube  with  several  long  feelers  or  arms  {Lign.  140)  ;  these 
expand,  then  suddenly  close,  withdraw  into  the  cells,  and 
again  issue  forth ;  the  whole  mass  being  studded  with  these 
hydra-like  forms.  The  Flustra  thus  constitutes,  as  it  were, 
a  family  of  polypes,  each  individual  of  which  is  permanently 
fixed  in  a  calcareous  cell,  and  the  whole  united  by  a  common 
integument,  by  which  the  hard  frame-work  was  secreted. 
Under  a  powerful  microscope  the  form  and  structure  of  the 
animal  of  the  Flustra  may  be  easily  distinguished.  PL  Y. 
fig,  6,  represents  a  single  polype  with  its  tentacula  extended ; 
ond^.  7,  the  same  animalcule,  withdrawn  into  its  cell.  The 
figure,  Lign.  140,  shows  a  polype  protruded,  under  a  much 
higher  power.f 

The  body  of  the  animalcule  consists  of  a  transparent  sac 
or  pouch,  doubled  on  itself,  and  having  at  the  mouth,  or 
large  external  opening,  ten  or  twelve  tentacula  fringed  with 
cilia,  which  have  the  power  of  extending  and  contracting 
themselves  with  great  celerity. 

The  Flustroid  Bryozoa  present  considerable  variety  in  the 

•  *  For  the  latest  technical  descriptions,  and  detailed  illustrations  of  the 
rec^ent  Flwtrte  and  their  allies,  see  Johnston's  Brit.  Zoophytes,  2nd  Edit, 
p.  342 ;  Busk's  Polyoxoa  Brit.  Mut.  p.  46 ;  and  Alder's  Cat.  Zoophyt.  p. 
139. 

t  This  figure  is  from  a  memoir  by  Mr.  Lister  (Philos.  Trans.  1834) 
en  the  structure  and  functions-of  the  Tubular  and  Cellular  Polypes.  The 
observations  were  made  at  Brighton,  and  I  had  the  pleasure  of  seeing  the 
live  soophytes  under  the  fine  instrument  constructed  by  Mr.  Lister. 
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form  and  arrangement  of  their  cells.  Some  of  the  most 
common  species  are  found  attached  to  marine  plants,  which 
they  enclose,  as  it  were,  in  a  living  sepulchre  (P/.  V./y. 
5) ;  others  spread  into  foliated  expansions,  and  have  both 
sides  covered  with  cells.  The  prevailing  hue  is  white,  or  a 
light-fawn  colour,  but  some  species  have  a  tinge  of  pink  or 


UrOSr.   110.— rULTPX  or  FLVRTBA*  puma;     with  its  MOTTTH  AJ(I>  CILIATSD  ABMK 

PKOTBVDSD  PBOM  THK  CBLL. 

(Moffni/Ud  ISO  tiwtMj 

yellow.  Numerous  species  t  resemble  in  miniature  the  branch- 
ing tree-like  forms  of  the  Corals,  or  other  coralloid  and  spon- 
goid  shapes.  They  abound  in  every  sea,  are  not  restricted 
by  climate,  occur  in  profusion  along  the  sea-shores,  and  are 
found  attached  to  the  fuel  that  are  thrown  up  from  below 
low-water  mark  4  The  small  parasitical  species,  when  dried, 
appear  like  spots  of  a  chalky  substance  on  the  sea-weed. 

*  Memhranipora,  Busk,  Polyz.  Brit.  Mus.,  p.  56,  pi.  71. 

i  Medals,  p.  268,^.  89. 

X  A  concise  notice  of  the  distribution  of  Molluscous  animals  in  the 
aerend  "  rones"  into  which  naturalistif  have  divided  the  bed  of  the  sea, 
will  be  found  in  Woodward's  *'  Manual  of  the  Mollusca/'  p.  439:  and  in 
Mr.  J.  Alder's  "  Catalogue  of  the  Zoophytes  of  Northumberland  and  Dur- 
ham** (Trans.  Tyneside  Nat.  Field  Club,  vol.  iii.  p.  98),  the  reader  will 
find  upwards  of  200  species  of  British  Anthozoa  and  Bryozoa  arranged 
according  to  their  distribution  into  zones  of  depth. 
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The  increase  of  the  Flustra  is  thus  described  by  Lamouroux. 
— When  the  animal  has  acquired  its  full  growth,  it  flings 
from  the  opening  of  its  cell  a  small  globular  body,  which 
fixes  near  the  aperture,  increases  in  size,  and  soon  assumes 
the  form  of  a  new  cell ;  it  is  yet  closed,  but  through  the 
transparent  membrane  that  covers  its  surface  the  motions  of 
the  polype  may  be  detected ;  the  habitation  at  length  bursts, 
and  the  tentacula  protrude,  eddies  are  produced  in  the  water, 
and  conduct  to  the  polype  the  atoms  necessary  for  its  sub- 
sistence. 

Innumerable  specimens  of  Bryozoa  or  Moss-corals*  are 
found  in  the  fossil  state,  in  every  geological  formation ;  and 
sometimes  they  occur  in  such  abundance  as  to  form  whole 
stratified  masses,  as  in  the  case  of  the  Suffolk  Crag,t  and 
the  upper  part  of  the  Maestricht  Chalk.  The  "White  Chalk 
of  the  South  of  England,  and  of  France  and  Germany,  con- 
tains a  large  proportion  of  Moss-corals, {  but  chiefly  in  a 
fragmentary  condition. 

The  OrapfoUteSj^  found  in  the  Silurian  rocks,  have  been 
referred  by  some  authors  to  the  Bryozoan  group ;  by  others, 
however,  they  have  been  placed  with  the  Virgularia  of  the 
Alcyonarian  order. 

13.  The  Food  of  Zoophytes. — However  improbable  it 
may  appear  to  the  mind  unaccustomed  to  investigations  of 
this  nature,  that  beings  so  minute  as  those  under  examina- 
tion should  prey  upon  living  forms  yet  more  infinitesimal, 
the  fact  is  nevertheless  unquestionable.  It  is  even  possible 
to  select  the  food  of  animalcules  much  smaller  than  the 

*  Medals,  p.  265.  From  the  imitative  resemblance  of  many  of  their 
little  polyparies  to  those  of  the  larger  Ck>ral8,  the  Bryozoa  are  often  re- 
ferred to  by  the  above  name. 

t  This  was  formerly  termed  "  Coralline  Crag,"  owing  to  the  then  im- 
perfect state  of  the  nomenclature  of  the  Zoophytes.     See  vol.  i.  p.  224. 

t  See  vol.  i.  p.  331.  Also  D'Orbigny's  **  Paleontol.  Fran<jai8e ;  "  and 
Hagenow's  "Die  Bryozoen  der  Maastrichter  Kreidebildung." 

{  Medals,  p.  255. 


1 13.  THE  FOOD  OF  ZOOPHYTES.  61  (^ 

polypes  of  the  Flustra^  and  thus  exhibit  their  internal  struc- 
ture. This  experiment  is  easily  shown  under  a  good  micro- 
scope, and  the  animalcules  termed  VorticelUsy  a  v^ry  abund- 
ant iamily  of  Infusoria,  are  best  adapted  for  the  purpose. 
Immediately  on  a  minute  particle  of  a  very  attenuated  solu- 
tion of  pure  carmine  or  indigo  being  applied  to  a  drop  of 
water  containing  a  group  of  the  Vorticellts*  the  most  beau- 
tiful phenomena  are  observable.  Currents  are  excited  in  the 
fluid  in  all  directions  by  the  rapid  motion  of  the  cilia,  which 
form  a  crown  round  the  anterior  part  of  the  body  of  the 
animalcules,  and  the  particles  of  indigo  are  seen  moving  in 
different  directions,  but  generally  all  converging  towards  the 
orifice  or  mouth,  which  is  situated  not  in  the  centre  of  the 
crownof  cilia,  but  between  the  two  rows  of  these  organs,  which 
exist  consecutive  to  one  another.  The  attention  is  no  sooner 
drawn  to  this  interesting  spectacle,  than  presently  the  bodies 
of  the  animals,  which  were  before  quite  transparent,  become 
dotted  with  distinctly  circumscribed  spots,of  a  dark-blue  colour, 
exactly  corresponding  to  that  of  the  moving  particles  of  indigo. 
In  some  species,  particularly  in  those  which  are  provided  with 
an  annular  contraction  or  neck,  separating  the  head  from  the 
body,  the  molecules  of  indigo  can  be  traced  in  a  continuous  line 
in  their  progress  from  the  mouth  to  the  internal  cavities. 

The  animalcules  termed  Monads  may  be  considered  as  the 
lowest  term  of  animal  organization  recognisable  by  man, 
being  only  from  the  1,200th  to  the  24,000th  part  of  an  inch 
in  diameter,  and  the  powers  of  the  microscope  extend  no 
farther ;  yet  it  is  impossible  to  doubt  that  there  are  myriads 
of  living  forms  more  infinitesimal,  some  of  which  serve  as 
food  to  these  miniatures  of  life-t 

*  The  Vorticellc  are  hyaline  vase-shaped  or  bell-like  animalcules,  at- 
tached by  a  slender  peduncle  at  the  base,  and  having  rows  of  cilia  dis- 
poeed  in  zones  round  the  margin ;  these,  when  seen  in  some  directions 
while  in  rapid  motion,  appear  like  wheels.  See  "  Thoughts  on  Animal- 
rules."  PI.  in. 

t  "  The  aize  of  the  ultimate  particles  of  matter  must  be  small  in  the 
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14.  Natube  of  Zoophytes. — In  the  larger  and  free 
masses  of  Plustra,  the  decomposition  of  the  animal  substance 
after  death  is  very  manifest.  This  specimen  of  Flustrafoli- 
acea,  which  was  dredged  up  twenty  miles  SS  W.  of  Brighton, 
in  water  eighteen  fathoms  deep,  is  a  fine  example  of  this 
brittle  species ;  when  first  in  my  possession  it  was  highly 
ofiensive  from  the  emanations  evolved  during  the  decompo- 
sition of  the  animal  matter.  It  is  now  a  flexible  calcareous 
skeleton,  with  here  and  there  portions  of  the  shrivelled  in- 
tegument, but,  of  course,  without  any  traces  of  polypes  in 
the  cells. 

Let  us  now  refer  to  our  previous  remarks,  and  inquire  if 
the  Flustra  presents  the  essential  characters  of  animal  ex- 
istence. Its  polype  possesses  a  determinate  form,  and  has 
a  calcareous  skeleton  covered  by  a  soft  fleshy  substance,  that 
can  for  a  certain  period  resist  chemical  and  mechanical 
agency.  It  is  furnished  with  instruments  capable  of  moving 
with  great  celerity,  is  susceptible  of  external  impressions, 
and  can  expand  and  contract  at  will.  Here,  then,  is  evi- 
dence of  sensation  and  of  voluntary  motion ;  and  although, 
from  the  extreme  minuteness  of  the  structure,  nerves  can- 
not be  detected,  yet  there  can  be  little  doubt  that  -it  pos- 
sesses a  nervous  and  also  a  circulatory  system  for  eflecting 
nutrition  and  reparation.  We  find,  also,  that,  when  remov- 
ed from  the  element  in  which  it  lived,  the  creature  dies,  and 
its  soft  substance,  like  the  flesh  of  the  lairger  animals,  under- 
goes putrefaction ;  it  has  lost  the  vital  principle  by  which  it 
previously  resisted  chemical  agency,  and  now  submits  to  the 
eflects  of  those  laws  which  act  upon  inorganic  matter;  the 

extreme.  Organized  beings,  possessing  life  and  all  its  functions,  have 
been  discovered  so  small  that  a  million  of  them  would  occupy  less  space 
than  a  grain  of  sand.  The  malleability  of  gold,  the  perfume  of  musk, 
the  odour  of  flowers,  and  many  other  instances  might  be  given  of  the  ex- 
cessive minuteness  of  the  atoms  of  matter :  yet,  from  a  variety  orcircum- 
stances,  it  may  be  inferred  that  matter  is  not  infinitely  divisible."— ifrs. 
Somerville,  p.  125. 
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calcareous  and  homj  materials  that  composed  its  skeleton, 
and  which,  like  the  bones  of  mammiferous  animals,  were 
secreted  by  the  soft  parts,  alone  remain. 

I  would  here  particularly  remark,  that  the  stony  support 
of  all  Zoophytes  is  formed  by  a  similar  process;  the  hard 
substance  called  coral  being  secreted  by  the  integuments  or 
membranes  with  which  it  was  permeated  and  invested,  in 
like  manner  as  the  bones  and  nails  in  man  are  secreted  by 
the  tissues  designed  for  that  purpose,  and  acting  without  his 
knowledge  or  controly  JS^othing  can  be  more  erroneous  than 
the  popular  notion  tnat  the  cells  of  corals  are  built  up  by 
the  polypes  found  in  them  in  the  same  manner  as  are  the 
cells  of  wax  by  the  Bee. 

'  From  what  has  been  advanced,  it  is  evident  that  the 
Flufitra  is  an  aggregation  of  an  immense  number  of  indi- 
vidual polypes  attached  to  a  calcareous  or  homy  skeleton, 
and  each  of  which  is  doubtlessly  susceptible  of  pain  and 
pleasure  independently  of  the  wbole ;  for  we  have  a  living 
proof  in  the  Siamese  twins,*  that  even  in  our  own  species 
there  may  be  a  united  organization  yrith  separate  nen^ous 
systems,  and  individual  sensations ;  and,  as  it  is  certain  that 
each  polype  enjoys  distinct  volition,  it  iR  most  probable  that 
the  sensations  of  each  individual  are  independent  of  the 
general  mass.  There  is,  however,  a  common  sensibility  per- 
%'ading  the  structure  that  binds  together  the  community  of 
zoophytes,  and  by  which  certain  actions  are  performed  irre- 
spectively of  the  individual  polypes.  Thus  the  compound 
zoophytes  termed  Fennatula,  or  Sea-pens,t  upon  the  slight- 
est touc  withdraw  themselves  into  the  wet  sand,  and  dis- 
appear: and  the  arborescent  Vorticella,X  upon  the  micro- 
scope being  agitated,  instantly  shrink  down  into  a  globular 
mass,  and  all  appearance  of  the  elegant  animalcules,  a  mo- 

«  See  the  Philosophical  Transactions  for  1830,  p.  177. 

t  Belonging  to  the  Alcyonaria. 

X  See  "  Thoughts  on  Animalcules,*'  p.  49. 
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ment  before  so  actiye,  vanishes.  In  certain  species  of  Bry- 
ozoa  (Bugula  fiabellata^  for  example),  each  cell  is  accom- 
panied by  a  bivalved  appendage,  much  resembling  in  form 
the  beaks  and  head  of  a  vulture,  and  termed  the  "  avicula- 
rium  ;**  and  these  appendages  open  and  shut  apparently  with- 
out the  control  of  the  polype  that  occupies  the  cell ;  their 
functions  seem  to  be  related  to  the  homy  axis  that  connects 
the  group  of  independent  living  animalcules  of  which  the 
entire  compound  zoophyte  is  composed,  and  not  to  the  poly- 
pes them  selves,  t 

15.  The  Corals,  or  PoLYPirERA. — The  Corals,  or  Foly^ 
fifera  (Zoophytes  proper),  present  an  extensive  series  of 
varied  and  extraordinary  forms  of  zoophytal  organization. 
In  some,  the  skeleton}  or  support  consists  of  various  com- 
binations of  earthy  and  animal  matter,  as  it  is  in  the  Flustra, 
but  solid  and  hard  as  stone ;  in  many  examples  it  branches 
out  like  a  tree  {Lign,  14s3,  p.  624)  ;  in  others,  it  constitutes 
hemispherical  masses,  having  numerous  convolutions  on  the 
surface,  somewhat  resembling  in  appearance  the  brains  of 
quadrupeds  {Ltgn,  144)  ;  and  in  many  it  forms  an  aggrega- 
tion of  tubes,  terminating  in  star-like  openings  (PI.  W.Jig. 

*  Formerly  known  as  Fluttra  avicularit.  See  Busk,  op.  cit.  p.  44,  pi. 
51.52. 

t  The  reader  will  find  some  highly  interesting  obserrations  on  this 
phenomenon  in  Mr.  Darwin's  *'  Journal  of  a  Voyage  round  the  World," 
chap.  ix.  p.  200.  Mr.  Gosse  has  suggested  that  possibly  the  use  of  the 
avicularia  may  be  to  fortuitously  catch  and  to  hold  minute  animals  until, 
attracted  by  their  decomposition,  hosts  of  other  animalcules  swarm  in  the 
neighbourhood  and  come  within  the  currents  produced  by  the  ciliated 
tentacles  of  the  zoophytes  themselves. 

X  The  axis,  framework,  or  skeleton  of  these  groups  of  polypes  is  term- 
ed polypary^  or  polypidom  (polype-habilation) ;  and  those  of  a  stony 
hardness  are  familiarly  known  as  "  Coral : "  these  names  therefore  refer 
to  the  durable  skeleton  of  the  zoophytes,  and  not  to  the  polypes  them- 
selves ;  but  in  familiar  writing  the  term  Coral  is  often  used  to  designate 
the  entire  living  mass.  In  a  fossil  state  rhe  polyparium  alone  remains, 
except  in  a  few  instances.    See  **  Medals  of  Creation,"  chap.  viL 
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9).  Among  the  branched  varieties,  some  are  covered  by 
pores  so  numerous  aa  to  be  called  Millepora :  in  many,  the 
openings  are  distant :  some  have  star-like  markings  here  and 
there ;  while  in  others,  the  whole  surface  presents  a  stellated 
structure.  In  many  species  the  fleshy  animal  matter  en- 
tirely covers  and  conceals  the  stony  skeleton  during  life  ;  in 
others,  the  latter  becomes  exposed,  and  forms  a  trunk,  having 
branches  covered  by  living  polypes;  while  in  another  and 
numerous  division  (of  which  the  common  Sertularia  is  an 
example),  the  skeleton  is  flexible,  and  is  secreted  by  the 
outer  surface  of  the  soft  parts,  and  constitutes  an  external 
protection  to  the  polypes  (PZ.  V.^^.  1).  In  another  family, 
the  Oorganida  (^Lign.  145),  the  skeleton  is  of  a  homy  or 
ligneous  texture,  and  flexible,  bending  to  the  motions  of  the 
waves ;  while  in  some  it  is  jointed  or  articulated,  as  in  the 
Ins  (Lign.  14^,  Jig.  3).  Sometimes  the  skeleton  is  impress- 
ed with  the  cells,  as  in  the  Madrepores  {Lign,  U2,Jig.  2) ; 
while  in  other  species,  as  the  Bed  Coral,  the  stem  is  smooth, 
and  exhibits  no  traces  of  the  peculiar  structure  of  the 
animal,  the  polype-cells  being  formed  of  the  investing  soft 
substance  {PL  Y.Jig.  9).  Yet  amidst  all  these  varieties  of 
form,  the  same  essential  characters  are  maintained ;  in  all 
there  is  a  skeleton  or  solid  support,  and  a  fleshy  or  gela- 
tinous substance,  either  investing  the  polypidom  and  studded 
with  polypes  having  more  or  less  simple  stomachal  cavities ; 
or  constituting  separate  polypes,  but  more  or  less  intimately 
connected  by  imtermediate  animal  and  calcareous  matter. 

16.  The  Sertitlartait  Zoophytes.*  —  The  Hydra,  as 
above  mentioned,  p.  606,  is  regarded  as  the  type  of  the  Sertu- 
larisn  2iOophytes  ;t  and,  supposing  it  to  be  invested  with  a 

*  For  the  classification  and  description  of  the  members  of  this  group, 
the  reader  is  referred  to  Johnston's  "  British  Zoophytes,"  2nd  Edit. 

+  There  have  been  of  late  years  discovered  some  remarkable  points  of 
alliance  between  these  Hydroid  zoophytes  and  the  Acalephs  {Medus€f, 
&c.). 
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homy  coat,  to  be  elongated  by  growth,  and  to  retain  all  the 
buds,  or  young  Hydrae,  which  are  formed  on  its  axis  or  stem 
throughout  life,  we  might  regard  it  as  truly  analogous  to  a 
Serfularia.  The  elegant  arborescent  Sertularia  must  be 
familiar  to  every  one  who  has  rambled  by  the  sea-side.  This 
branch  of  the  Sea-pine  (Li^n,  141),  part  of  which  is  shown 
magnified  in  Ji^.  2,  exhibits  the  usual  appearance  of  these 
zoophytes.  The  Sertularia  consists  of  tubes  united  together, 
and  having  lateral  apertures  for  the  protru»ion  of  each 
polype ;  one  elegant  species,  the  Sertularia  setacea,  is  very 


LXOJf.  141.— SSRTULABIA  JflORA  (JOHXSTOK). 

Pif .  1.  Natural  lise.    1.  A  portion  hiirhlj  magnlfled  (the  tentaelea  act  being  protruded 
from  the  cells). 

abundant  on  the  shores  at  Brighton  after  storms,  being  at- 
tached to  fuci  and  other  sea-weeds.  The  representation  of 
a  branch,  magnified, sixty  times,  in  Plate  Y-fy.  1,  shows  the 
form  of  the  polypes,  which,  when  fully  expanded,  are  of  great 
beauty.  On  one  occasion,  when  I  was  present,  Mr.  Lister 
was  observing  a  living  specimen,  when  a  little  globular 
animalcule  swam  rapidly  by  one  of  the  expanded  polypes ; 
the  latter  immediately  contracted,  seized  the  globule,  and 
brought  it  to  the  mouth  or  central  opening  by  its  tentacula ; 
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these  gradually  opened  again,  with  the  exception  of  one 
which  remained  folded,  with  its  extremity  on  the  animalcule. 
The  mouth  indistinctly  seemed  filled  with  hairs  or  tentacles, 
that  closed  over  the  prey,  which,  after  a  few  seconds,  was 
carried  slowly  down  into  the  stomach ;  here  it  was  imper- 
fectly seen,  and  soon  disappeared.* 

The  Gampanularia,  so  named  from  their  helUshaped  cells 
placed  on  foot-stalks,  also  belong  to  the  Hydroid  polypes, 
and  are  abundant  on  our  shores.  FL  y ^fig*  2,  is  a  magni- 
fied Yiew  of  a  branch  of  Campanularia  gelatinosa,  with  several 
cells ;  in  some  the  polypes  are  expanded,  in  others  contract- 
ed. Examined  alive  under  the  microscope,  currents  of  mi- 
nute globules  are  seen  constantly  running  along  the  tubes, 
induced  by  the  action  of  the  invisible  cilia. 

17.  The  Actikoidea,  or  CoRALLARiA.t — Having  de- 
scribed some  of  the  principal  characters  of  the  Hydroid  or 
Hydrarian  Polypifers,  the  lower  group,  in  which  digestion 
is  performed  by  a  simple  sac  or  pouch,  as  in  the  common 
HffdrOyX  we  proceed  to  indicate  the  leading  forms  of  the 
two  other  great  groups  §  (the  Helianthoid  or  Zoantharian 
Corals,  and  the  Alcyonarian  group),  with  some  remarks  on 
their  nature  and  habits.  In  the  Corals  proper,  the  frame- 
work or  polypary  is  generally  calcareous ;  the  species  of  the 
soft-bodied  Zoantharia  (or  Actinidae)  being  of  a  limited 
number;  whilst  the  stony  or  "coralligenous*'  Zoantharia 
have  very  numerous  species,  both  in  the  fossil  and  the  re- 

•  Philos.  TraiM.  1834,  p.  372. 

f  Milne  Edwards  and  Haime,  Monog.  Brit  Foss.  Corals  (Palseont. 
Soc.),  18.50,  p.  ix. 

X  See  Owen's  I^ectures  on  the  Invertebrata.  Of  the  many  notices 
and  monographa  of  the  Hydra,  Corda's  memoir  in  the  Nova  Acta  Acad, 
Kai,  Cur,  rol.  xviii.,  may  be  referred  to  as  one  of  the  amplest  and  most 
fiilly  illnstrated. 

{  There  is  a  third  group  or  order,  the  Podactinaria  (Edwards  and 
Hatme),  represented  by  one  genus  only,  the  Lueemaria. 
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cent  state.*  The  Actitioidea  vary  considerably  in  relative 
size,  and  present  every  state  of  combination,  up  to  the 
enormous  aggregations  of  individuals  existing  in  the  reef- 
forming  species.  The  polypes,  too,  vary  greatly  in  size, 
from  being  microscopic  to  having  a  diameter  of  eighteen 
inches. 

The  stony  Corals  present  polypes  which  are  readily 
found,  on  examination,  to  present  a  close  analogy  to  the 
Actini(By  or  Sea-anemones,  which  are  so  common  on  the 
rocks  and  in  the  shallows  of  our  sea-shores ;  a  few  observa- 
tions on  these  latter  animals  will  therefore  enable  us  to 
comprehend  the  nature  of  this  group  of  polypifera.  The 
Actinia,  or  Sea-anemone,  appears,  when  quiescent,  like  a 
subglobular  mass  of  tough  jelly,  of  various  tints  of  crimson, 
green,  blue,  or  brown  (see  PL  VI. ^y.  11)  ;  when  expanded, 
it  presents  a  broad  disk,  surrounded  by  tentacula,  and  having 
in  the  centre  a  corrugated  surface,  which  is  contracted  into 
a  purse-like  form. 

The  Actiniffi  are  affixed  to  the  rocks  by  a  broad  base,  but 
they  can  detach  themselves,  and  change  their  position ;  on 
many  parts  of  the  coast  hundreds  may  be  seen,  at  low  water, 
on  the  rocks  which  are  left  bare  by  the  reflux  of  the  tide. 
They  are  carnivorous  and  very  voracious,  feeding  on  the 
small  fish,  Crustacea,  and  moUusca  that  come  within  their 
reach.  They  may  be  kept  for  months  in  sea-water,  if  sup- 
plied daily  with  meat,  which  they  greedily  seize,  draw  into 
the  sac  or  stomach,  and  afterwards  eject  perfectly  colourless, 
having  absorbed  the  juices  and  left  the  tough  muscular 
fibre.  The  body  of  the  Actinia  is  highly  contractile  and 
full  of  chambers:  the  tentacula  are  hollow  tubes,  which 
the  animal  has  the  power  of  filling  with  sea-water   and 

*  For  the  classification  of  these  Corals,  see  Dana's  Zoophytes,  p.  112  ; 
and  Edwards  and  Haime,  loc,  cit.  Numerous  fossil  species  are  figured 
and  described  by  Michelin,  Iconog.  Zoophyt.  4to,  1847. 
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thus  causing  them  to  protrude. 
The  chambers  also  contain 
water,  with  which  the  whole 
or  any  part  of  the  body  can 
be  filled ;  an  important  agen- 
cy in  enabling  the  animal  to 
shift  its  situation  from  place 
to  place.  The  accompanying 
plan  of  the  internal  structure 
of  the  Actinia  {Lign,  142) 
will  serve  to  illustrate  these 
remarks.     The  surface  of  the  uoh.  i4s.— illvstratioiv  or  nn?  btruo- 

•  1  J  J.1        •     A  1  TURK  Oy  THK  ACTIMA.* 

stomach,  and  even  the  mtemal 

...  r    i.1.       J.      i         1  *'  *»  ^*  *""*  *'  which  the  Actinia    at- 

lining    Ol    the    tentaCUla,    are       tachn  itaeif.    h,  h,  Openiof*  of  chambers 

abundantly    furnished  •  with     iTrrTrr  r.  ^K^^ucr 

cilia.       These    zoophytes    have       ^«  earface  ©r  the  stomach  U  s^n  in  the 
,         ,1        11^  centre,  arranged  in  vertical  plaiu  or  folds. 

no  durable  skeletons. 

18.  Cartophtllia  and  Turbinolia. — In  the  small  re- 
cent coral,  Turbinolia  rubra,  we  have  an  example  of  a  single 
calcareous  cup  or  "calyx,*'  divided  by  vertical  lamellae  or 
partitions,  arranged  m  a  radiated  manner.  This  is  the 
skeleton  or  stony  support  of  a  single  polype,  which  has  a 
double  row  of  tubular  tentacula,  and  bears  a  great  analogy 
to  the  Actinia ;  indeed,  the  recent  animal  may  be  described 
as  an  Actinia  with  a  calcareous  skeleton,  fixed  by  its  base.f 

•  CyclopfledU  of  Anatomy  and  Physiolotry,  p.  614 :  see  also  the  elabor- 
ate and  well-iliuftrated  Artir  le  on  Polypiferot  by  Prof.  Rymer  Jones,  in 
the  same  work. 

t  The  beanttfnily  illustrated  and  cleverly  written  works  of  Mr.  Gosse, 
on  the  Actinis  and  other  marine  animals  found  on  the  Dorset,  Devon, 
and  Tenby  coasts,  are  so  well  known,  that  we  need  only  to  allude  to  them 
as  being  highly  important  to  the  lover  of  natural  history  who  wishes  to 
study  these  animals.  The  philosophical  comparison  of  CycUhina  Smithii 
(a  little  coral  found  on  our  shores,  and  the  only  one)  with  Actinia,  in 
Goose's  "  Life,"  Ac,  is  particularly  recommended  for  study.  See  also 
**  Sea-side  Studies,*'  in  Blackwood's  Maeazme,  foi  1856-7. 
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The  fossil  corals  (p.  330,  ^«.  1,  2,  3)  possess  a  similar  sti 
ture.     A  beautiful  living  Turbinolia,  which  is  marked  > 
red  and  white  bands,  is  shown  in  FL  VI.  Ji^.  8:  anl 
similar  Coral  with  its  tentacula  expanded,*  in^y.  14. 

In  the  Caryophyllia  possessing  more  than  one  calji,  f 
calyx  contains  an  actiniform  polype :  one  of  those  of  C./ai 
culata,  which  is  of  a  bright  green  colour,  is  represented  J 
V.  Jig,  4.  In  another  genus,  Pocillopara,  the  investil 
fleshy  integument  is  beautifully  mottled,  and  the  poly 
which  are  of  a  blue  colour,  are  terminal,  as  in  the  Car] 
phyllia.  A  branch,  as  seen  alive  in  the  water,  is  figured) 
FL  Y.fg.  11. 

19.  Madbepoba. — In  the  Caryophyllacea,  just  noticd 
the  polypes  and  their  containing  calyces  are  of  relative! 
large  size ;  but  in  the  family  of  branched  or  arborescent  cal 
careous  polypifera  called  Madrepores^  the  little  cups  or  cells 


LIOM    143.~BKCEXT   CX>RALB. 

Pi*  I.   Abr«nchofO«i;mara«Md.    1.  A  brmnch  of  Jfarfr«por«  i-nHe.*..    J.  A  branch  of. 

hipmtri*  •  •  the  cortlc«l.ub.Uiice  pr«ent  and  covered  with  poret,  which  are  the  cell. 

puljpe. ;  h,  a  branch  deprltedof  it*  outer  corerlng,  and  expoaing  the  artlcoUted  axi>  or  .t< 

with  radiating  lamellae,  in  which  the  polypes  are  situate 

are  of  small  size.     When  the  animals  die,  and  the  out 

♦  See  especially  Quoy  and  Gaimard's  Voyage  de  T Astrolabe  (Atlai 

and  Dana's  Zoophytes  (AUas),  for  figures  of  conds  drawn  from  nature 
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^  ^^^shj  or  gelatinous  investment  perishes,  the  coral  is  found 
^*  ^  p  be  studded  over  with  elegant,  lamellated,  stellular  cells, 
A  '  ^ouslj  formed  and  arranged  in  the  different  genera  and 
^-  ^'  fecies.  In  some  ^he  cells  are  yeij  distinct ;  as  in  a  Medi- 
°^ -Irranean  species,  the  May-blotsom  Coral  (Obulina  ramea^ 
^^^'  lyM.  143,  ^.  1) ;  in  others  they  are  exceedingly  minute, 
prevr^  in  the  common  Madrepore  (M,  muricata,  Lign,  14^,  Jig,  2), 
iitr  r^m  the  West  Indies :  the  white-branched  corals,  so  numer- 
tlk  ||u  in  collections,  belong  for  the  most  part  to  this  group. 
'  t- '  •  When  alive  in  the  water,  the  Madrepores  are  invested 
9  f  j.'lith  a  fleshy  integument  of  various  colours ;  and  each  cell 
I  occupied  by  a  polype,  as  in  the  zoophytes  previously  de- 
'"^  ^-tribed.  The  appearance  of  a  living  Madrepore  {Madrepora 
'  r^rs  iantaginea)^  with  the  polypes  protruded,  is  shown  in  PI,  VI. 
t^^  if.  5,  and  will  serve  to  convey  a  faint  idea  of  the  beautiful 
>^  u-^pearance  of  the  live  corals  in  their  native  element. 

20.  FuHOiA.  —  The  white,  disciform,  lamellated  corals, 
^ed  Sea-mushrooms,  or  Fungue^  from  their  fancied  resem- 
I      |anoe  to  fungi,  are  among  the  most  elegant  and  abundant 
^'  ^rms  of  corallaria  in  the  cabinets  of  collectors.    These,  in  a 
King  state,  are  covered  with  a  thick,  transparent,  jelly-like 
nbstance,  which  fills  up  all  the  numerous  radiating  inter- 
lices  of  the  calcareous  lamina ;  in  the  central  depression  of 
be  fleshy  mass  is  situated  a  large  polype  with  tentacula ;  in 
lie  Fungia,  there  is  but  one  polype — but  one  focus  of  vital- 
ly.   In  the  F»ngia  aetini/ormis  {Fl  Yl,  Jig.  15),  the  polype 
trikingly  resembles  the  Actinia ;   the  whole  surface  of  the 
lisk  is  covered  with  long,  tubular,  conical,  prehensile  tenta- 
,  ula,  with  minute  terminal  apertures,  and  striated,  trans- 
it* .erse,  muscular  bands ;  these  tentacula  are  protruded  by  the 
"***  Djection  of  water  from  below,  as  in  the  Actinia.    In  the 
^  Pungia  the  stony  base  is  secreted  from  the  inferior  surface 
f^r  >f  the  soft  substance,  and  is  either  attached  or  cemented,  as 

it  were,  to  the  rock,  or  lies  free  on  the  sea-bed. 
*  '     21.  AsTKJBA,  Pavonia,  Ac. — In  some  of  the  large  stony 

2* 
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corals,  tbe  cells  of  the  polypes  are  rery  numerous,  and  the 
coralline  mass  presents  a  surface  beautifully  marked  with 
stellular  impressions.  The  Astraa  viridis  is  here  repre- 
sented as  seen  alive  in  the  sea  (PI.  Yl,Jig»  13).  The  polypes 
in  this  coral  are  of  a  dark-green  colour,  six  lines  in  length, 
and  are  protected  by  deep,  laminated,  polygonal  cells,  two 
lines  in  diameter.  They  are  striated  with  longitudinal  and 
transverse  bands,  and  connected  by  a  fleshy  layer  which 
covers  the  dark-brown  coral ;  some  of  the  polypes  are  here 
shown  expanded,  and  others  contracted.  In  this  magnified 
view  (PZ.  VI.  Jig,  10)  of  a  single  polype,  the  tentacula  are 
seen  expanded,  or  disposed  around  the  prominent  mouth. 
The  appearance  of  groups  of  Astrawe,  and  other  corals,  when 
viewed  while  the  animals  are  alive  and  in  activity,  is  most 
beautiful;  looking  down  through  the  clear  sea-water,  the 
surface  of  the  rock  appears  one  living  mass,  and  the  congre- 
gated polypes  present  the  most  diversified  and  vivid  hues.* 

The  Pavonia  are  those  corals  which  have  deep  and  isolated 
cells,  each  containing  a  large  depressed  polype,  very  similar 
in  its  appearance  and  structure  to  the  Actinia.  P/.  Yl.  Ji^, 
11,  represents  a  group  of  cells  containing  polypes  of  the  P. 
lactuca,  from  the  shores  of  the  South  Sea  islands.  The 
polypes  are  of  a  green  colour,  and  there  is  a  connecting, 
transparent,  fleshy  substance,  which  extends  over  the  ex- 
treme edges  of  the  foliated  expansion  of  this  elegant  zoo- 
phyte. 

22.  M ^AKDRiNA  CEBEBRiFOBMis  ;  OF  Broin-corol. — ^The 
large  hemispherical  corals,  having  the  surface  covered  with 
meandering  ridges  and  depressions,  disposed  in  a  manner 
somewhat  resembling  the  convolutions  of  the  brain,  are  well 
known  by  the  name  of  the  Brain-^tone  Ooral  {Lign.  14f4) .  In 
a  living  state  the  mass  is  invested  with  a  fleshy  substance, 
variously  coloured,  and  having  numerous,  short,  conical, 
polypiform,  confluent  cells,  arranged  in  rows  between  the 
•  Dana's  Zoophytes,  p.  29. 
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ridges.  This  zoophjte  sometimes  attains  considerable  mog- 
nitude ;  a  yery  beautiful  specimen  in  the  British  Museum  is 
four  feet  in  circumference.  The  base  of  the  M»andrin«, 
like  that  of  other  corals,  is  adherent  to  the  rock.     As  one 
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fMmmmdritut  etrtl/rifvnmU./ 

fleshy  mass  expires,  another  appears,  and  gradually  expands, 
pouring  out  its  calcareous  secretion  on  the  parent  mass  of 
coral ;  thus  successive  generations  go  on  accumulating  vast 
beds  of  stony  matter,  and  laying  the  foundations  of  coral- 
reefs  and  islands.  We  may  compare,  observes  Sir  C.  Lyell,* 
the  operation  of  the  zoophytes  in  the  ocean  to  the  effects 
produced  on  a  smaller  scale  on  land  by  the  plants  which 
generate  peat,  where  the  upper  part  of  the  Sphagnum^  or 
peat-moss,  vegetates  while  the  lower  is  enterinc;  into  a  mi- 
neral mass,  in  which  the  traces  of  organization  remain  when 
life  has  entirely  ceaii«eH.     In  these  Corals,  in  like  manner, 

•  Principles  of  Geology. 
2  8  2 
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the  more  durable  materials  of  the  generation  that  has  passed 
awaj  serve  as  the  foundation  over  which  their  progeny 
spreads  successive  accumulations  of  calcareous  matter. 

23.  Alcyonabian  Zoophytes  :  Qoroonia,ob  Sea-fan. — 
The  OorgoniaJlahellwHyOT  Venus's  fan  {Lign,  145),is  a  flexible 
zoophyte  inhabiting  almost  every  sea,  and  frequently  attaining 
a  height  of  four  or  five  feet.  When  fresh  from  the  water  it 
is  of  a  bright  yellow  colour.  This  species  exhibits  the  usual 
structure  of  the  corticiferous  polypifera,  or  zoophytes  having 
an  internal  axis  or  skeleton  of  a  tough  horny  consistence, 
with  an  external  envelope  or  rind  entirely  investing  the 
former.  The  G-orgouisB  present  great  diversity  of  form  and 
appearance.  This  specimen  from  the  West  Indies  {PL 
VI.  fig,  2)  is  remarkable  for  its  richness  of  colour,  being 
a  bright  yellow,  spotted  with  red ;  this  species  {PL  VI. 
fg,  3),  from  the  Mediterranean,  has  its  pendant  branches 
very  elegantly  disposed,  and  is  of  a  purplish-lake  colour ; 
in  both  these  examples  the  axis  is  black,  and  of  the  con- 
sistence of  tough  horn.  Another  beautiful  species  from 
the  Mediterranean  (the  Gorgonia  patula  of  Ellis)  is  of  a 
bright  red,  and  has  the  openings  for  the  polypes  disposed 
in  two  rows ;  a  portion*  highly  magnified,  is  here  represent- 
ed {PL  ^'fig-  3),  and  exhibits  several  polypes  in  different 
states  of  protrusion. 

These  flexible  Alyconaria  are  mostly  attached  to  the  rocks 
bj  an  extended  base,  the  surface  of  which  is  usually  deprived 
of  the  fleshy  substance  that  invests  the  other  parts.  The 
stem  which  springs  from  the  base,  although  in  a  few  species 
simple,  generally  divides  into  branches,  which  are  exceed- 
ingly various  in  their  size  and  distributions : — double,  single, 
anastomosed,  pinnated,  straight,  and  pensile ;  and  the  stems 
are  either  compressed,  flat,  angular,  or  cylindrical ;  but  in 
all  these  modifications  the  same  structure  prevails — an  axis 
and  an  external  crust  or  rind.  The  former  is  either  homy, 
elastic,  flexible,  brittle,  or  pithy,  seldom  stony,  and  of  a  dark 
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colour ;  the  latter  a  soft  or  tough  fleshy  substance,  studded 
with  pores,  from  which  the  polypes  issue ;  this  rind  becomes 
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earthy  and  friable  when  dried.  In  the  Isis,  which  may  be 
described  as  a  Gorgonia  with  a  jointed  stem,  this  structure 
ia  well  displayed,  as  in  this  branch  of  Isis  hippuris  {Lign.Jig, 
3,  p.  624),  in  which  a  portion  of  the  cortical  part  is  removed, 
and  the  axis  exposed.  In  the  water  the  various  species 
present  the  most  vivid  hues  of  red,  green,  violet,  and 
yellow.  The  G-orgonis  inhabit  deep  water,  and  are  found 
in  every  sea ;  but  certain  species  appear  to  be  restricted  to 
tropical  climates.  The  Sea-pens  (Fennatula)  have  a  flesliy 
feather-like  polypary,  with  a  bony  axis,  and  live  unattach- 
ed, floating  free  in  the  water,  or  lying  on  the  sea-bottom, 
more  or  less  imbedded  in  sand/  mud. 
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Numerous  species  of  the  Asteroid  Polypes,  especially 
Alcyonium,  G-orgonia,  Pennatula,  and  tbeir  congeners,  have 
calcareous  spicules  •  imbedded  in  their  leathery  or  fleshy  in- 
tegument, as  in  the  Sponges.  Homy  spicules  have  been  dis- 
covered in  some  Actiniaj.f 

24.  The  Bed  Coral;  CoralUum  ruhrum. — Among  the 
Alcyonarian  or  Asteroid  Zoophytes  are  a  few  genera  having 
an  axis  composed  of  a  calcareous  stony  substance ;  and  one 
genus  possesses  a  skeleton  of  so  beautiful  a  colour,  and  sus- 
ceptible of  so  fine  a  polish,  as  to  be  largely  employed  for 
ornamental  purposes.  The  Bed  Coral  is  a  branched  zoo- 
phyte, somewhat  resembling  in  miniature  a  tree  deprived  of 
its  leaves  and  twigs.  It  seldom  exceeds  one  foot  in  height, 
and  is  attached  to  the  rocks  by  a  broad  expansion  or  base. 
It  consists  of  a  brilliaut  red  stony  axis,  invested  with 
a  fleshy  or  gelatinous  substance  of  a  pale  blue  colour,  stud- 
ded over  with  stellular  polypes.  This  figure  (PL  Y^JIg. 
9)  represents  a  branch  of  "  Coral  *'  with  several  polypes» 
highly  magnified,  as  seen  alive  in  the  water.  The  cortical 
or  fleshy  substance  is  removed  at  the  extremities  of  the 
branch,  and  the  red  stony  axis  exposed.  As  the  cells  of 
the  polypes  are  only  composed  of  the  soft  animal  matter 
which  rapidly  undergoes  decomposition  after  death,  no 
traces  of  their  structure  remain  on  the  durable  skeleton. 

The  Bed  Coral,  as  is  well  known,  is  of  a  very  hard  and 
durable  texture ;  it  is  obtained  by  dredging  in  diflferent  parts 
of  the  Mediterranean  and  Eastern  seas,  and  'forms  an  im- 
portant article  of  commerce.  It  varies  much  in  hue,  accord- 
ing to  its  situation  in  the  sea :  in  shallow  water  it  is  of  the 
most  beautiful  colour,  a  free  admission  of  light  appearing 
necessary  for  its  full  development.  It  is  of  slow  growth ; 
eight  or  ten  years,  in  a  moderate  depth  of  water,  being 
necessary  for  it  to  reach  maturity.     Arrived  at  this  period, 

•  See  Hisloltipical  Catalogue,  Roy.  Coll.  Surjr.  vol.  i.  p.  222,  pi.  13  ; 
and  Dana's  Zoophytes,  p.  M.  f  Histol.  Catal.  p.  226. 
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it  extends  but  Terj  slowly,  and  is  soon  pierced  on  all  sides 
bj  those  destructive  animals  which  attack  even  the  hardest  • 
rocks :  it  loses  its  solidity,  and  a  slight  shock  detaches  it 
from  its  base.  Becoming  the  sport  of  the  waves,  the  pol^'pes 
periab,  their  brilliant  skeleton  is  exposed,  and  cast  upon  the 
shore  ;  the  bright  colour  soon  disappears,  and  the  coral,  re- 
duced to  fragments  by  the  attrition  of  the  waves,  becomes 
mixed  with  the  Remains  of  shells  and  other  marine  exuvisB : 
in  this  state  it  is  drifted  inland  by  the  winds,*  and  assists  in 
forming  those  accumulations  of  the  spoils  of  the  sea,  which 
constitute  many  of  the  modem  conglomerates  described  in 
a  previous  lecture  (pp.  83  and  90). 

25.  TuBiPOBA. — This  group  of  the  Alcyonarian  corals  is 
well  known  from  the  elegance  and  beauty  of  one  species 
{Sarcinula  munealis,  or  Organ-^ipe  coral),  which  is  common 
in  most  collections.  This  Eoophyte  is  composed  of  parallel 
tubes,  united  by  lateral  plates,  or  transverse  partitions, 
placed  at  regular  distances  (P/.  VI.  Jigs,  7,  9)  ;  in  this  man- 
ner large  masses,  consisting  of  a  congeries  of  pipes  or  tubes, 
are  formed.  When  the  animalcules  are  alive,  each  tube  con- 
tains a  polype  of  a  beautiful  bright  green  colour,  and  the 
upper  part  of  the  surface  is  covered  with  a  gelatinous  mass 
formed  by  the  confluence  of  the  polypes  ;  a  magnified  view 
of  a  polype  and  of  sections  of  two  tubes  is  here  represented 
(P/.  \l,fg.  7).  This  species  occurs  in  great  abundance  on 
the  coast  of  New  South  Wales,  of  the  Bed  Sea,  and  of  the 
Molucca  Islands,  varying  in  colour  from  a  bright  red  to  a 
deep  orange.  It  grows  in  the  shape  of  large  hemispherical 
masses,  from  one  to  two  feet  in  circumference ;  these  first 
appear  as  small  specks  adhering  to  a  shell  or  rock ;  as  they 
increase,  the  tubes  resemble  a  group  of  diverging  rays,  and 

•  The  term  "  ©olian  "  has  been  aptly  applied  by  Col.  Nelson  to  the 
terrestrial  fonnations  resulting  from  th  >  drifUng  action  of  the  winds. 
See  Quart  Joum.  Geol.  Soc.  vol.  ix.  p.  206. 
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at  length  other  tiibes  are  produced  on  the  transverBe  plates, 
thus  filling  up  the  intervals,  and  constituting  a  uniform 
tubular  mass ;  the  surface  being  covered  with  a  green  fleshy 
substance,  beset  with  stellular  animalcules.  The  protruded 
polype  of  another  beautiful  species  of  Tubipore  (TMpora 
rubeola)  is  represented  magnified,  FL  6yfy,  4 ;  and  a  view  of 
an  expanded  polype  of  the  same  seen  from  above,  in  Jl^,  6 ; 
the  polype  of  another  species  of  Tubipore  is  represented  in 
fy.  12. 

26.  Qeoobaphical  bistbibutiok  of  Cobals.— Having 
described  a  few  of  the  principal  varieties  of  the  Polypifera, 
I  will  next  consider  the  geographical  distribution  of  these 
zoophytes  ;  and  subsequently  review  the  important  physical 
changes  effected  by  creatures  so  minute,  and  apparently  so 
incompetent  to  produce  any  material  alteration  in  the  earth's 
surface. 

The  Corals  are  inhabitants  of  the  ocean ;  many  species 
prefer  the  immediate  influence  of  atmospheric  changes,  and 
are  seen  on  the  rocks  and  plants  lefb  bare  by  the  reflux  of 
the  tide,  sometimes  in  such  profusion  that  the  whole  surface 
appears  one  animated  mass.  At  the  period  of  the  great 
equinoctial  tides,  when  the  sea  retires  from  the  rocks  which 
it  has  overflowed  for  many  preceding  months,  the  Polypifera, 
when  the  waters  first  recede,  are  full  of  vigour,  but  languish 
as  they  lose  their  moisture,  and  perish  if  they  remain  long 
uncovered  by  the  sea. 

Some  kinds  are  situated  on  the  southern  slope  of  the 
rocks ;  others,  on  the  contrary,  are  attached  to  the  opposite 
aspect,  and  never  to  the  Jbrmer.  The  larger  forms  are  rarely 
found  in  places  exposed  to  violent  currents ;  it  is  in  the  hol- 
lows of  the  rocks,  in  submarine  grottos,  in  the  shelter  of 
large  and  solid  masses,  that  these  species  attach  themselves. 
Many  appear  fitted  to  enjoy  the  powerful  action  of  the 
surges,  their  pliant  branches  bending  to  the  movements  of 
the  waves,  and  floating  in  the  agitated  water ;  while  others 
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form  immoYeable  rocks,  which  increase  slowly  but  surely, 
untfl  thej  become  elevated  above  the  surface  of  the  waters^ 
and  constitute  reefs  and  islands,  as  I  shall  hereafter  describe.. 
The  distribution  of  the  Anthozoa  is  not  solely  regulated 
by  the  relatiye  depths  of  the  water ;  like  plants,  they  vary 
with  the  climate,  and  in  cold  latitudes  the  Alcyonaria  and 
some  Sydraida  are  alone  to  be  met  with.  On  the  coasts  of 
Britain,  between  50^  and  60^  of  north  latitude,  only  one  or 
two  minute  stony  corals  represent,  'with  the  common  Ac' 
Hmia^  multitudinous  in  its  individuals  and  varieties,  and  a  few 
allied  but  rarer  genera,  the  Aetinoidea  ;  whilst  the  two  other 
groups  present  many  forms.  As  we  proceed  southwards 
the  numbers  of  each  group  increase  ;  it  is  not,  however,  be- 
fcfre  the  34th  degree  of  northern  latitude  that  the  Corals  be- 
come developed  to  the  grandeur  and  importance  which  they 
afterwards  attain,  te  the  extent  of  a  parallel  southern  lati- 
tude, except,  in  the  waters  of  the  Atlantic,  around  the  Ber- 
muda Islands,  where  corals  abound,  owing  te  the  temperature 
induced  by  the  influence  of  the  Gulf-stream.^  It  is  there- 
fore within  the  tropics,  in  a  zone  of  more  than  60  degrees 
expansion,  that  these  beings,  scarcely  visible  te  the  naked 
eye,  hold  their  empire  in  a  medium  whose  temperature 
Imows  no  change ;  and  from  the  depths  of  the  ocean  elevate 
those  immense  reefs  that  may  hereafter  form  a  communica- 
tion between  the  inhabitants  of  the  temperate  zones.f 

•  Mr.  Dana  tUtes  that  60*  Fahrenheit  limits  the  growth  of  Corals. 
Oon^s  occur,  however,  at  the  Bermudas,  which  are  in  lat.  33*,  fonr  or 
fire  degrees  beyond  tbe  Coral-limits,  because  of  the  increased  tempera- 
tnre  of  the  water  occasioned  by  the  Gulf-stream  ;  on  the  other  hand,  there 
are  no  Coral-reeft  around  the  Galapagos  Islands,  which  are  situated  un- 
der the  equator,  because  of  the  cold  waters  of  the  southern  current  up 
the  South-American  coast,  by  which  the  temperature  of  the  ocean  is  re- 
dnoed  to  GO*,  though  20*  further  to  the  west  the  waters  are  at  84*.  (See 
Mr.  Dana  on  '*  Areas  of  Subsidence  in  the  Pacific  Ocean,"  American 
Journal  of  Science,  vol.  zlv.  p.  131.) 

f  For  detailed  remarka  on  the  geographical  distribution  of  tbe  Coral- 
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The  Sponges  are  similarly  prolific  to  a  vast  extent,  pre- 
senting enormous  masses  and  fantastic  shapes,  in  the  Medi- 
terranean and  tropical  seas ;  whilst  a  stunted  and  limited, 
though  still  varied  and  numerous,  group  of  Spongiadffi  grow 
around  the  coasts  of  the  temperate  and  colder  seas.  The 
Sponges  frequent  the  fresh  waters  also ;  and  the  study  of 
the  growth  and  structure  of  the  Spcngilla  has  enabled 
naturalists  of  late  to  add  much  to  our  knowledge  of  these 
low  forms  of  life. 

27.  Affejlbakce  of  the  lttino  Corals.  —  In  some 
parts  of  the  sea  the  eye  perceives  nothing  but  a  bright  sandy 
plain  at  the  bottom,  extending  for  many  hundred  miles ;  but 
in  the  Bed  Sea,  the  whole  bed  of  this  extensive  basin  of  water 
is  absolutely  a  forest  of  submarine  plants  and  zoophytes. 
Here  are  bryozoa  and  sponges,  sertulari®,  gorgonise,  madre* 
pores,  fungisd,  and  other  anthozoa,  with  fuci,  alg»,  corallines, 
and  all  the  variety  of  marine  vegetation,  covering  every  part 
of  the  bottom,  and  presenting  the  appearance  of  a  submarine 
garden  of  the  most  exquisite  verdure,  enamelled  with  animal 
forms,  resembling,  and  even  surpassing  in  splendid  and 
gorgeous  colouring,  the  parterres  of  the  East. 

Ehrenberg,  the  distinguished  German  naturalist,  who  has 
laboured  so  assiduously  and  successfully  with  pen  and  pencil 
in  illustrating  the  natural  history  of  the  Infusoria  and  Fora- 
minifera,  was  so  struck  with  the  magnificent  spectacle  pre- 
sented by  the  living  Corals  in  the  Bed  Sea,  that  he  exclaimed 
with  enthusiasm, ''  Where  is  the  paradise  of  flowers  that  can 
rival  in  variety  and  beauty  these  living  wonders  of  the 

larian  Zoophytes,  the  reader  is  referred  to  the  "works  of  Lamonrouz, 
BlainvUIe,  Dana,  Darwin,  and  others.  With  regard  to  the  Bryozoan 
Zoophytes,  an  excellent  synopsis  of  their  distribution  in  depth,  according 
to  the  marine  zones,  on  the  British  coast,  may  be  seen  in  Mr.  Alder's 
*'  Catalogue  of  the  Zoophytes  of  Northumberland  and  Durham,'*  Trans. 
Tyneside  Nat.  Field-club,  vol.  ii.  p.  98,  and  in  the  Microscop.  Journal, 
1857,  p.  242.  To  Mr.  Allman's  beautiful  monograph  of  the  Fresh-water 
Bryozoans  (Ray  Society,  1856)  wo  have  already  ret<  rred. 
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ocesn  P"  Some  have  compared  the  appearance  to  beds  of 
tulips  or  dahlias  ;  and,  in  truth,  the  large  fungi®,  with  their 
crimson  disks  and  their  purple  and  yellow  tentacula,  bear  no 
slight  resemblance  to  the  latter. 

The  impressions  produced  upon  first  seeing  a  grove  of  live 
Corals  are  thus  vividly  portrayed  by  Mr.  Jukes  .*— 

"  In  a  small  bight  of  the  inner  edge  of  this  reef  was  a  sheltered  nook, 
wh«Te  the  extreme  slope  was  well  exposed,  and  where  every  coral  was  in 
full  life  and  luxuriance.  Smooth  round  masses  of  meandrina  and  astrsa 
were  contrasted  with  delicate  leaf-like  and  cup-shaped  expansions  of  ex- 
planaria,  and  with  an  infinite  variety  of  branching  madrepors  and  seria- 
topors,  some  with  mere  finger-shaped  projections,  others  with  large 
branching  stems,  and  others  again  exhibiting  an  elegant  assemblage  of  in- 
terlacing twigs,  of  the  most  delicate  and  exquisite  workmanship.  Their 
colours  were  unrivalled,  —  vivid  greens,  contrasting  with  more  sober 
browns  and  yellows,  mixed  with  rich  shades  of  purple,  from  pale  pink  to 
deep  bine.  Bright  red.  yellow,  and  peach-coloured  nuUipors  clothed 
those  fleshy  masses  that  were  dead,  mingled  with  beautiful  pearly  flakes 
of  eschara  and  retipora ;  the  latter  looking  like  lace-work  in  ivory.  In 
amonfT  the  branches  of  the  corals,  like  birds  among  trees,  floated  many 
beanliful  fish,  radiant  with  metallic  greens  or  crimsons,  or  fantastically 
banded  with  black  and  yellow  stripes.  Patches  of  clear  white  sand  were 
seen  here  and  there  for  the  floor,  with  dark  hollows  and  recesses,  beneath 
orerhanging  masses  and  ledges.  All  these,  seen  through  the  clear  crystal 
water,  the  ripple  of  which  gave  motion  and  quick  play  of  light  and  sha- 
dow to  the  whole,  formed  a  scene  of  the  rarest  beauty,  and  lelt  nothing 
to  be  desired  by  the  eye,  either  in  elegance  of  form  or  brilliancy  and 
hannony  of  xolouring." 

The  vast  abundance  and  variety  of  animal  life  in  these 
Coral  formations  is  thus  vividly  depicted  by  the  same  natur- 
alist : — 

••  A  block  of  coral-rock,  that  was  brought  up  by  a  fish-hook  from  the 
bottom  of  one  of  our  anchorages,  had  its  surface  covered  with  brown, 
crimson,  and  yellow  nullipore,  many  small  actiois,  and  soil-branching 
corallines,  sheets  of  flustra  and  eschara,  and  delicate  retipore,  looking 
like  beautiful  lace-work  carved  in  ivory.  There  were  several  small 
sponges  and  alcyonia,  sea- weeds  of  two  or  three  species,  two  species  of 

•  "Narrative  of  the  Sjarveying  Voyage  of  H.  M.  S.  Fly,  in  1842— 
184G;*'  by  J.  B.  Jukes*  Naturalist  to  the  Expedition,  vol.  i.  p.  1 17. 
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comatula,  ind  one  of  ophia^^  of  the  mo«t  delicate  colours  and  markings, 
and  many  small,  flat,  round  corals,  something  like  nummuiites  in  external 
appearance.  On  breaking  into  the  block,  boring  shells  of  sereral  species 
were  found  buried  in  it :  tubes  formed  by  annelida  pierced  it  in  all  direc- 
tions, many  still  containing  their  inhabitants :  while  two  or  three  worms, 
or  nereis,  lay  twisted  in  and  out  among  its  hollows  and  recesses ;  in  which 
likewise  were  three  small  species  of  crabs.  This  block  was  not  above  a 
foot  in  diameter,  and  was  a  perfect  museum  in  itself,  while  its  outside 
glared  with  beauty  from  the  many  brightly  and  Tariously  coloured  animals 
and  plants.  It  was  by  no  means  a  solitary  instance ;  every  block  that 
could  be  procured  from  the  bottom  in  from  10  to  20  fathoms  was  like  it. 
What  an  inconceivable  amoimt  of  animal  life  must  be  here  scattered 
over  the  bottom  of  the  sea,  to  say  nothing  of  that  moving  through  its 
waters ;  and  this  through  spaces  of  hundreds  and  hundreds  of  miles ! 
Every  comer  and  crevice,  every  point  occupied  by  living  beings,  which, 
as  they  become  more  minute,  increase  in  tenfold  abundance."  Ibid. 
vol.  i.  p.  17. 

28.  CoBAL-BEEFS. — The  vast  accumulations  of  calcareous 
rocks  in  tropical  seas,  resulting  from  the  consolidation  of  the 
disintegrated  skeletons  of  polypifera,  have  already  been  al- 
luded to,  but  the  physical  changes  that  are  produced  by  such 
apparently  inadequate  means  require  further  consideration, 
since  they  illustrate  the  formation  of  the  coralline  rocks  of 
the  secondary  and  paleozoic  epochs. 

Mr.  Juke's  description,  above  quoted,  of  a  composite 
block  of  Coral  illustrates  this  point ;  and  in  the  little  Flustret 
of  our  coast  (p.  612),  delicate  and  brittle  though  they  be, 
we  perceive  the  elements  of  those  important  changes  to 
which  the  large  lamellar  corals  of  tropical  seas  are  giving 
rise.  In  the  specimen  before  us,  you  may  observe  that  the 
base  of  the  mass  of  a  Flustra  foliaeea^  which  is  about  six 
inches  in  diameter,  is  already  consolidated  by  an  aggregation 
of  sand,  that  has  filled  up  the  interstices.  On  the  surface 
are  numerous  parasitical  shells  and  Corals,  and  between  the 
convolutions  of  its  foliated  expansions,  echini,  Crustacea,  and 
other  animals  have  taken  shelter ;  while  sand  and  mud  have 
invested  every  cranny  of  the  lower  third  of  the  specimen, 
and  imbedded  serpuls,  sabellse,  and  fragments  of  many 
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■pecies  of  sheila.  It  is  evident  that,  were  the  whole  speci- 
men filled  up  and  surrounded  by  detritus,  as  it  shortly  would 
be  at  the  bottom  of  the  sea,  a  solid  block  would  be  formed, 
exhibiting,  when  broken,  the  remains  of  the  Flustra,  impact- 
ed in  a  conglomerate  of  sand,  shells,  and  zoophytes.  Thus 
we  perceive  that  even  the  delicate,  friable  skeletons  of  t  e 
Flufltne  of  our  shores  may  become  the  nucleus  of  a  solid 
rock ;  and  in  the  process  described,  we  have,  as  it  were  in 
miniature,  the  formation  of  a  Coral-reef.* 

28.*  CoBAL-RKE7  OF  Loo  Choo. — But  it  is  in  tropical  seas 
that  the  Mitandrina,  AMtraa,  Oaryophifllia,  and  other  stony 
Corals  form  those  immense  masses,  which  not  only  give  rise 
to  groups  of  islands  in  the  bosom  of  the  ocean,  but  are  gra- 
dually forming  tracts  of  such  extent  that  a  new  continent 
may  spring  up  where  the  fabled  Atalantis  is  supposed  to 
have  once  flourished.  From  the  many  interesting  descrip- 
tions of  the  nature  and  formation  of  Coral-reefs  and  islands 
that  have  been  published  by  our  voyagers,  I  select  the  fol- 
lowing account,  by  Captain  Basil  Hall,  of  a  Coral-reef  near 
the  great  island  of  Loo  Choo : — 

"  When  the  tide  has  left  the  rock  for  some  time  dry,  it  appears  to  be 
a  oompact  mass,  exceedingly  hard  and  rugged :  but  as  the  water  rises, 
and  the  wares  begin  to  wash  over  it,  the  polypes  protrude  themselves 
from  holes  which  were  before  invisible.  These  animals  are  of  a  great 
variety  of  shapes  and  sixes,  and  in  such  prodigious  numbers,  that  in  a 
■hon  time  the  whole  surface  of  the  rock  appears  to  be  alive  and  in  mo- 
tion. The  most  common  form  is  that  of  a  star,  with  arms  or  tentacula, 
which  are  moved  about  with  a  rapid  motion  in  all  directions,  probably  to 
catch  food.  Others  are  so  sluggish  that  they  may  be  mistaken  for  pieces 
of  the  rock,  and  are  generally  of  a  dark  colour.  When  the  coral  is 
broken  above  high- water  mark,  it  is  a  solid,  hard  stone ;  but,  if  any  part 
of  it  be  detached  at  a  spot  where  the  tide  reaches  every  day,  it  is  found 

•  Some  reefs  are  nearly  wholly  composed  of  Serpulie  and  Scrpuloid 
•hells ;  others  of  Nullipores  and  similar  calciferous  sea-plants ;  and  in  all 
reefs  the  Bryozoa  supply  much  material,  though  seldom  found  in  such 
masses  as  in  the  Crag,  and  in  the  Maestricht  and  Faxoe  Chalk. 
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to  be  full  of  polypes  of  different  lengths  and  colours ;  some  being  as  fine 
as  a  thread,  of  a  bright  yellow,  and  sometimes  of  a  blue  colour.  The 
growth  of  coral  appears  to  cease  when  no  longer  exposed  to  the  washing 
of  the  sea.  Thus  a  reef  rises  in  the  form  of  a  cauliflower,  until  the  top 
htis  gained  the  level. of  the  highest  tides,  above  which  the  animalcules 
have  no  power  to  advance,  and  the  reef  of  course  no  longer  extends 
upwards." 

29.  CoBjLL-iSLANDB. — Kotzebue,  Flinders,  Quoi  and  Grai- 
mard,  Darwin,  Dana,  Jukes,  and  others  have  severally  de- 
scribed the  formation  of  Coral-islands ;  the  following  is  an 
abstract  of  their  observations : — 

The  coral-banks  are  everywhere  seen  in  different  stages  of  progress . 
some  are  become  islands,  but  not  yet  habitable  ;  others  are  above  high- 
water  mark,  but  destitute  of  vegetation ;  while  many  are  overflowed  with 
every  returning  tide.  When  the  polypes  of  the  corals  at  the  bottom  of 
the  ocean  cease  to  live,  their  skeletons*  still  adhere  to  each  other ;  and, 
the  interstices  being  gradually  filled  up  with  saiid  and  broken  pieces  of 
corals  and  shells,  washed  in  by  the  sea,  a  mass  of  rock  is  at  length  formed. 
Future  races  of  these  animalcules  spread  out  upon  the  rising  bank,  and 
m  their  turn  die,  and  thus  increase  and  elevate  this  wonderful  monument 
of  their  existence. 

The  reefs  which  raise  themselves  above  the  level  of  the  sea  are  usually 
of  a  circular  or  oval  form,  and  surrounded  by  a  deep  and  odentimes  un- 
fathomable ocean.  In  the  centre  of  each,  there  is  generally  a  nhallow 
lagoon  with  still  water,  where  the  smaller  and  more  delicate  kinds  of 
zoophytes  find  a  tranquil  abode ;  while  the  stronger  species  live  on  the 
outer  margin  of  the  isle,  wheie  the  surf  dashes  over  them.  When  the 
reef  is  dry  at  low  water,  the  coral-animals  cease  to  increase.  A  con- 
tinuous mass  of  solid  stone  is  then  seen,  composed  of  shells,  echinoderms, 
and  fragments  of  corals,  united  by  calcareous  sand,  produced  by  the  pul- 
verization of  the  shells  and  of  the  friable  polyparia.  Fragments  of  coral- 
limestone  are  thrown  up  by  the  waves ;  these  are  cracked  by  the  heat  of 
the  sun,  washed  to  pieces  by  the  surge,  and  drilled  on  the  reef.    AAer 

*  The  chemical  constitution  of  the  polyparies  of  Alcyonarian  and 
Actinuidean  Corals  is  treated  of  by  Prof.  Dana  in  his  "  Zoophytes,"  p. 
56,  and  by  Prof.  B.  Silliman,  jun.,  in  the  Appendix  to  that  work.  Mr. 
B.  Silliman  has  shown,  contrary  to  expectation,  that  they  contain  a  much 
larger  proportion  of  fluorine  than  of  phosphoric  acid. 
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this  the  cmlcareous  mass  is  andisturbed,  and  offers  to  the  seeds  of  the 
eoeoft,  pandanns,  and  other  trees  and  plants,  floated  thither  by  the  waves, 
a  soil  on  -which  they  rapidly  grow,  and  overshadow  the  white  daziling 
sarfiux.  Trunks  of  trees,  drifted  by  currents  from  other  countries,  find 
here  at  length  a  resting-place,  and  bring  with  them  some  small  animals, 
as  Krards.  insects,  &c.  Even  before  the  trees  form  groves  or  forests,  sea- 
birds  nestle  there,  and  strayed  land -birds  find  refuge ;  and  at  a  still  later 
period,  Man  takes  possession  of  the  newly-created  country.  It  is  in  this 
manner  that  the  Polynesian  Archipelago  has  been  formed.  * 
— ^  The  immediate  foundations  of  these  islands  are  ancient  coral-reefs,  and 
some  of  these,  in  all  probability,  are  based  on  the  cones  or  craters  of  sub- 
marine volcanos  long  since  extinct ;  and  others  on  the  lofty  peaks  of  a 
snbmergcd  continent  which  has  undergone  a  slow  subsidence,  and  thus 
admitted  of  the  growth  of  successive  generations  of  the  coral-secreting 
zoophytes,  and  the  formation  of  immense  beds  and  zones  of  submarine 
coral -rocks.  There  is  another  circumstance  worthy  of  remark  :  most  of 
these  islands  have  an  inlet  through  the  reef  f  opposite  to  the  large  valleys 
of  the  neighbouring  land,  whence  numerous  streams  issue  and  flow  mto 
the  sea ;  an  easy  ingress  is  thus  afforded  to  vessels,  and  the  means  of  ob- 
taining an  abundant  supply  of  fresh  water  readily  offered. 

Of  the  immense  extent  of  the  changes  here  contemplated 
we  may  form  some  idea  from  the  facts  stated  by  competent 
observers,  that  in  the  Indian  Ocean,  to  the  south-west  of 
Malabar,  there  is  a  chain  of  reefs  and  islets  480  geographical 
miles  in  length ;  on  the  east  coast  of  New  Holland,  an  un- 
broken reef  350  miles  long  ;  between  that  and  New  Ouinea, 
a  Coral-formation  which  extends  upwards  of  700  miles  ;  and 
that  Disappointment  Islands  and  Dufi's  Group  are  connect- 
ed hj  600  miles  of  Coral-reefs,  over  which  the  natives  can 
travel  from  one  island  to  another. 

SO.  FoBXATiON  OF  CoBAL-iSLAiTDs. — From  the  grand 
scale  on  which  these  operations  have  been  carried  on  in  the 
Pacific,  and  the  powerful  volcanic  action  of  which  those 
latitudes  have  been  the  theatre,  as  shown  by  the  elevatory 

*  At  least  so  much  of  it  as  can  be  truly  said  to  be  of  late  origin.  Some 
of  the  islands,  on  the  other  hand,  are  probably  the  coral-crested  Minking 
l«tks  of  a  mountainous  and  possibly  once  continental  area. 

t  Analogous  to  the  broken  side  of  a  crater. 
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movements  to  which  the  neighbouring  continents  have  been 
subjected,  the  extremely  small  extent  of  drj  land  in  that 
world  of  waters  is  a  very  striking  phenomenon.  This  re- 
markable fact  was  supposed  by  Sir  C.  Lyell*  to  admit  of 
explanation,  on  the  supposition  that  a  giadual  subsidence 
had  been  going  on  for  ages  over  a  vast  area  of  the  bed  of  the 
Pacific,  which  occasioned  the  solid  materials  produced  by 
the  Coral-zoophytes  to  sink  down  beneath  the  waters,  and 
therefore  no  considerable  additions  were  made  to  the  dry 
land  above  the  level  of  the  sea :  the  Polynesian  Archipelago 
and  the  submerged  Coral-reefs  alone  indicating  the  stu- 
pendous changes  effected  by  zoophy tal  agency.  This  opinion 
has  been  confirmed  by  the  observations  of  Mr.  Darwin, 
whose  explanation  of  the  mode  in  which  the  formation  of 
Coral-islands  takes  place  is  a  beautiful  example  of  philo- 
sophical induction. 

■^  The  coral-reefii  are  described  by  Mr.  Darwin  as  of  three  distinct  kinds, 
arising  from  the  different  circumsUmces  attending  their  production.  First, 
AtolU;f  secondly,  harrier-reef*,  which  are  ridges  of  coral  either  extend- 
ing in  straight  lines  in  front  of  the  shores  of  a  continent  or  large  island, 
or  encircling  a  group  of  small  islands,  and  separated  from  the  land  by  a 
deep  channel  of  water ;  thirdly,  fringing-reefi,  or  banks  of  coral  super- 
imposed on  the  slopes  of  the  adjacent  land,  and  at  no  great  distance  from 

•  the  shore. 

By  the  gradual  subsidence  of  the  land,  and  the  coincident  upward 
growth  of  the  corals,  fringing-reefs  are  gradually  converted  into  barrier- 
reefs,  and  the  latter  into  Atolls.  Hence  it  is  inferred,  that  coasts  merely 
fringed  by  reefs  have  not  subuided  to  any  considerable  amount,  but  either 
have  remained  stationary,  or  have  been  upheaved,  since  the  growth  of  the 
coral.  When  a  barrier-reef,  encircling  an  island,  gradually  sinks  down, 
the  corals  go  on  growing  vigorously  upwards ;  but,  as  the  island  sinks, 
the  water  gains  inch  by  inch  on  the  shore,  and  the  mountain-tops  at  length 
become  separate  islands,  within  one  great  reef;  and  ultimately  the  high- 
est pinnacle  disappears,  and  a  perfect  Atoll  is  formed.  Hence  lagoon- 
islands,  having  originated  from  encircling  barrier-reefs,  resemble  them  in 

*  Principles  of  Geology,  1st  edition, 
t  The  circular  or  lagoon  inlands  are  so  called  by  the  natives. 
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fowrml  sute  and  form,  and  in  the  manner  in  which  they  are  grouped  to- 
gether ;  and  they  may  be  regarded  as  outUne-charta  or  models  of  the 
sunken  islanda  they  now  surmount.  By  this  theory  of  the  upward  growth 
of  polypifeia  during  the  subsidence  of  the  knd  on  which  they  are  based, 
Ur.  Darwin  aatis&ctorily  expUins  all  the  leading  phenomena  of  those 
BanreDous  stmctores,  the  barrier-reefii,  and  of  those  fSsdry  coral-islands 
that  be^m  the  Tast  expanse  of  the  Pacific,  and  flourish  in  the  midst  of 
iu  mighty  billows.  The  narrow  belt  of  land  of  these  insular  zones,  fre- 
qocntly  but  a  few  hundred  yards  wide,  is  surrounded  by  a  deep  and  often 
Bafathoina.ble  ocean,  and  encloses  a  lake  of  tranquil  water ;  it  Lb  crowned 
with  cocoa-nut  trees,  clothed  with  a  luxuriant  tropical  Tegetation,  and 
begirt  with  a  beach  of  glittering  sand,  on  which  are  constantly  dashing 
the  snow-white  breakers  of  the  azure  sea.  Nowhere,  as  Mr.  Darwin 
beaulifully  remarks,  can  be  found  such  wonderful  proofr  of  the  power  of 
vitality  to  repel  the  influence  of  mechanical  force ;  for  the  breakers  far 
exceed  in  Tiolence  those  of  our  temperate  regions,  and  it  is  impossible  to 
behold  them  without  fueling  a  conviction,  that  rocks  of  quartz  or  granite 
voold  speedily  be  demolished  by  such  irresistible  agents;*  and  yet 
there  aland,  immoTeable,  those  marvellous  monuments — 

*'  Raised  by  the  feeble»t  creatures  in  existence," 

ansc&thed  by  the  raging  billows,  and  smiling  with  perpetual  verdure, — 
the  astfes  of  that  vast  wilderness  of  waters !  t 

31.  MoNTOOMEBT  ON  CoRAL-iSLANDS.  —  The  formation 
of  islands  and  continents  by  the  vital  energies  of  countless 
mjriads  of  minate  beings,  the  unconscious  living  instru- 
ments of  stupendous  physical  changes,  is  invested  with  bo 
much  of  the  sublime  and  the  marvellous,  as  to  form  a  sub- 
ject alike  calculated  to  engage  the  attention  of  the  philo- 
sopher and  to  ei^cite  the  imagination  of  the  poet ;  and  I  am 
tempted  to  relieve  this  detail  with  the  following  beautiful 
linea  bj  James  Montgomery :% — 

*  See  Mr.  Darwin's  delightful  volume,  "On  the  Structure  and  Distri- 
bntion  of  Coral  Reefs." 

t  The  striking  isolation  of  the^  tiny  specks  of  land  on  the  vast  ex- 
panse of  ooeai^  can  be  best  realised  by  a  survey  of  Mr.  Wyld's  great  Model 
of  the  Earth; 

X  From  "  The  Pelican  Island,'*  by  James  Montgomery. 
2  T 
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"  I  saw  the  liying  pile  ascend. 
The  mausoleum  of  its  architects. 
Still  dying  upwards  as  their  labours  closed ; 
Slime  the  materials,  but  the  slime  was  tamed 
To  adamant  by  their  petriftc  touch. 
Frail  were  their  frames,  ephemeral  their  lives, 
Their  masonry  imperishable.    All 
Life's  needful  functions,  food,  exertion,  rest. 
By  nice  economy  of  Providence, 
Were  overruled  to  cany  on  the  process, 
Which  out  of  water  brought  forth  solid  rock. 
Atom  by  atom,  thus  the  mountain  grew 
A  Coral-island,  stretching  east  and  west ; 
Steep  were  the  flanks  with  precipices  sharp. 
Descending  to  their  base  in  ocean-gloom. 
Chasms  few,  and  narrow,  and  irregular, 
Form'd  harbours,  safe  at  once  and  perilous; 
Safe  for  defence,  but  perilous  to  enter. 
A  sea-lake  shone  amidst  the  fossil  Isle, 
Reflecting  in  a  ring  ito  clifis  and  caverns. 
With  heaven  itself  seen  like  a  lake  below. 
Compared  with  this  amazing  edifice, 
Raised  by  the  feeblest  creatures  in  existence. 
What  are  the  works  of  intellectual  man. 
His  temples,  palaces,  and  sepulchres  ? 
Dust  in  the  balance,  atoms  in  the  gale, 
Compared  with  these  achievements  in  the  deep. 
Were  all  the  monuments  of  olden  time ! 
Egypt's  grey  piles  of  hieroglyphic  grandeur, 
That  have  survived  the  language  which  they  speak, 
Preserving  its  dead  emblems  to  the  eye. 
Yet  hiding  from  the  mind  what  these  reveal ; 
Her  Pyramids  would  be  mere  pinnacles. 
Her  giant  statues,  wrought  from  rocks  of  granite, 
But  puny  ornaments  for  such  a  pile 
As  this  stupendous  mound  of  catacombs, 
Fill'd  with  dry  mummies  of  the  builders,  worms  !  " 

32.  Fossil  Zoophytes. — The  conditions  under  which 
corab  and  other  zoophytes  are  preserved  in  the  mineral 
kingdom,  and  the  formation  of  conglomerates  from  the  dehris 
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of  corals  and  shells,  have  been  described  in  the  previous 
lectures ;  in  this  place  I  shall  offer  a  cursory  review  of  the 
geological  distribution  of  fossil  zoophytes,  without  entering 
upon  details  which  will  be  found  more  or  less  fully  exem- 
plified in  the  account  of  the  organic  remains  of  the  respective 
systems  of  deposits. 

The  coral-limestones  now  forming  on  the  shores  of  the 
Bermuda  and  Bahama  Islands  (see  p.  83),  and  similar  con- 
glomerates on  those  of  the  Isle  of  Ascension  (p.  89),  prove 
that  at  the  present  time  accumulations  of  ^careous  stone 
are  going  on  analogous  in  character  to  many  of  the  fossili- 
ferouB  deposits  of  the  Chalk,  Oolite,  and  other  ancient  form- 
ations. Mr.  Darwin  has  observed  a  similar  effect  in  the 
Pacific,  where  disintegrated  coral-reefs  give  rise  to  vast  de- 
posits of  calcareous  detritus,  which,  when  dry,  closely  re- 
sembles soft  chalk.  In  the  West  Indies,  blocks  of  silicified 
msandrime,  astnes,  and  other  reef-forming  species  are 
abundantly  distributed  in  the  superficial  alluvium  of  Antigua 
and  other  islands.  The  pliocene,  or  newer  tertiary  of  Pa- 
lermo, abounds  in  corals,*  some  of  which  belong  to  species 
that  still  inhabit  the  Mediterranean.  Jn  the  Crag,  there 
are  a  few  i^>ecies  of  extinct  corab,t  with  many  forms  of 
Bryostoa,'  chiefly  now  unknown  as  natives  of  the  adjacent 
seas.  The  miocene  of  North  America  contain  many  kinds 
of  zoophytes,  some  of  which  appear  to  be  peculiar  to  those 
strata.^  In  the  eocene  deposits  theie  are  several  extinct 
genera  and  many  species.  Excepting  fomr  genera  in  the 
Crag,§  we  have  in  England  no  fossil  corals  of  younger  age 

*  Mtchelotti,  Spec.  Zoophyt,  Dihw.,  and  Michelin,  loonographie  Zoophy- 
toioffiqve,  bave  figured  and  described  many  of  these. 

f  See  Edwards  and  Haime's  Monograph  of  Brit.  Foss.  Ck}rals,  Palseont. 
Soc.  1850 

X  See  report  on  Corals  from  the  Tertiary  Formations  of  North  America, 
by  Mr.  Lonsdale;  Geol.  Soc.  Journal,  vol.  i.  p.  495. 

i  And  a  MiUepore  iu  the  Pleistocene  beds  of  Ayrshire. 

2  T  2 
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than  those  of  the  Bracklesham  and  London  clays  of  eocene 
age.*  It  is  interesting,  however,  to  obsen-e  that  the  miocene 
tertiaries  of  Austria  contain  reefs  both  of  true  coral  sand  of 
the  vegetable  corallines  (Nullipores)  ;  the  former  proving 
that  in  tertiary  times  the  Vienna  basin  was  a  continuous 
sea  with  the  present  area  of  the  Bed  Sea,  the  nearest 
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point  where  such  corals  are  now  found,  and  whica  was  probably 
a  portion  of  the  channel  of  some  old  north-going  current  of 
warm  water,  like  the  existing  G-ulf-stream.f  In  the  Chalk- 
formation  of  England  corals  X  are  not  abundant ;  throughout 
vast  areas  of  the  fine  white  chalk  there  are  no  considerable 
beds  of  corals,  nor  appearance  of  coral-reefs ;  the  species 

*  Edwards  and  Haime,  loe.  eit.      f  Un^r,  Pruc««d.  Vienna  Acad.  1850. 
X  Edwardii  and  Haime,  op.  eit,  p.  44. 
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for  the  most  part  small  and  delicate  (p.  330).  There  are, 
however,  numerous  genera  and  species  of  the  brjozoa  and 
sponges  in  the  chalk  and  its  associated  beds. 

The  manner  in  which  the  remains  of  poljpifera  are  dis- 
tributed in  our  white  chalk  involves  an  interesting  inquiry ; 
thej  occur  promiscuously  intermingled  with  shells,  echini, 
and  fishes ;  we  find  no  beds  of  corals — nothing  to  point  out 
the  former  existence  of  reefs.  This  phenomenon,  however, 
is  in  accordance  with  the  general  lithological  character  of 
the  Chalk-formation,  and  the  nature  of  its  organic  remains ; 
both  of  which  indicate  a  profound  ocean.  As  polypifera  can 
only  exist  at  moderate  depths,  the  occurrence  of  coral-reefs 
was  not  to  be  expected,  except  in  those  areas  which  may  be 
supposed  to  have  been  formed  in  the  shallows,  or  near  the 
sea-shores. 

The  cretaceous  coral-reefs  evidently  existed  farther  south, 
for  the  Hippurite-limestone  of  the  south  of  Europe  and  the 
Goaau-chalk  of  the  Eastern  Alps  abound  with  corals.*  Corals 
are  not  uncommon  also  in  the  Maestricht  chalk. 

In  the  Danish  islands  of  Seeland  and  Moen,  the  flinty 
chalk  is  covered  by  bryozoan  limestone,  some  portions  of 
which  form  a  compact  building-stone,  while  others  are 
mere  masses  of  bryozoa  cemented  together  by  a  white  de- 
tritus. These  beds  belong  to  the  Chalk-formation;  for, 
although  they  abound  in  univalve  shells  not  common  in  our 
cretaceous  strata,  yet  a  large  proportion  of  the  sponges, 
bryozoa,  echinites,  and  belemnites  are  identical  with  those 
of  the  English  Chalk.  vSir  C.  Lyell  therefore  infers,  **  that 
the  peculiarity  of  the  fossil  fauna  of  Faxoe  f  was  produced 
more  by  geographical  conditions,  such,  for  example,  as  the 

*  Michelin,  loon.  Zoophyt  plates  64  to  73 ;  and  Renss,  Trans.  Vienna 
Acad.  vol.  riL 

f  A  locality  in  Denmark,  where  these  deposits  are  best  displayed.  See 
GeoL  Trans.  2nd  ser.  vol.  t.  p.  243. 
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local  shallowiiess  of  that  part  of  the  cretaceous  sea,  than  hy 
any  general  change  in  the  creatures  inhabiting  the  ocean, 
effected  in  the  period  that  may  have  intervened  between 
the  formation  of  the  White  Chalk  and  the  Eaxoe  lime- 
stone." The  same  may  be  said  of  the  bryozoiferous  strata 
at  Maestricht,  which  contain  also  numerous  nuUipores. 

The  remains  of  sponges  are  very  frequent  in  the  chalk,* 
and  in  many  places  not  only  do  they  swarm  in  the  lime- 
stone, but  idso  in  the  flints ;  so  that  almost  every  nodule 
encloses  a  sponge  or  other  poriferous  zoophyte.  The  Upper 
Greensand  in  some  localities  contains  immense  numbers  of 
porifera.f  The  gravel-pits,  as  they  are  called,  in  the  neigh- 
bourhood of  Farringdon4  in  Berkshire,  are  extremely  pro- 


LlGM.  147.— FOMIL  ZOOPHTTS  FROM  TH«  XJPPEB  OOUTK  AT  CAKX. 
(  Chen*nihpora  fmnfiformii.  LtnmmroH*.) 

lific  in  fossils  of  this  kind.     These  beds  consist  of  a  coarse 

•  Mickelin,  Icon.  Zooph,  plates  28  to  42. 

t  MiasBenetfs  CataL  WiUshire  FassUt,  4to,  1816. 

I  See  Mr.  Austen's  Memoir  on  the  Fossiliferous  Sands  and  Gravels  of 
Farrin^on,  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  464;  and  Mr.  D. 
Sbarpe's  Memoir  on  the  same  subject,  ibid.  vol.  z.  p.  176. 
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friable  conglomerate,  formed  of  Band,  shelLs,  bryozoa, 
sp(mges,echmoderm8,  and  the  debris  of  other  marine  animals, 
impregnated  with  iron;  some  layers  of  concretionarj  in- 
durated masses  occur,  originating  from  infiltration  of  car- 
bonate of  lime. 

Hiey  contain  mjriads  of  perfect  shells  and  zoophytes ; 
casts  of  nautili,  water-worn  and  other  fossils  from  the  Oolites, 
belemnites,  &c.  The  Vertieillipara  anastomotans  *  (Li^n.  146, 
Jlf,  3)  is  a  very  elegant  zoophyte  often  met  with  in  this  lo- 
cality. 

One  of  the  most  abundant  and  perfect  of  the  sponge-like 
forms  is  a  cyathiform  zoophyte  called  *^  Petrified  saU-cellar  " 
by  the  quarrymen ;  it  is  of  a  porous  structure,  and  the  inner 
surface  is  covered  with  oscula,  or  little  openings :  it  closely 
resembles  the  fossil  sponge  from  Caen,  figured  in  Xtyn.  147, 
which  is  said  also  to  occur  in  the  Upper  Oreensand  at  War- 
minster. 

33.  Vbittbiottlites  of  the  Chalk. — A  very  elegant 
and  interesting  family  of  Zoophytes,  illustrated  by  me  in 
an  early  memoir  (published  in  the  ''  Linnsan  Transactions," 
vol.  xi.),  and  subsequently  named  Ventriculites,^  occurs  in 
the  chalk  of  Kent,  Sussex,  and  Wiltshire  in  such  numbers, 
and  under  such  dissimilar  forms,  as  to  require  a  passing 
notice  in  this  place.  They  abound  in  some  parts  of  the  chalk 
of  Europe ;  and  occur  also  in  the  jura-beds  of  Banden. 

The  original  fonn  of  the  Ventriculite  was  that  of  a  fiinnel,  or  hollow 
ioTerted  cone,  terminating  in  a  point  at  the  base,  whence  numerous  fibres 
proceed,  by  which  it  was  attached  to  other  bodies.  The  outer  integu- 
ment was  reticulated,  that  is,  disposed  in  meshes  like  net-work,  and  the 
inner  Bnr£u:e  was  studded  over*  with  regular  openings,  the  orifices  of 
tubular  cells,  each  of  which  was  probably  occupied  by  a  polype.  The 
substance  of  the  polyparium,  or  frame-work,  of  this  aggregation  of  ani- 
malcules, appears  to  ha?e  been  analogous  to  that  of  the  soft  alcyonia, 

«  Much  better  figured  by  Mr.  D.  Sharpe  he,  cU.  p.  195,  pi.  5,  fig.  1 
t  Medals  of  Creation,  toI.  i.  p.  242 ;  and  Mr.  J.  Toulmin  Smith's  papers 
on  the  Ventriculidtt  of  the  Chalk,  i4fin.  Nat  Bitt.  2  Ser.  vol.  i.  1848. 
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and  to  hare  possessed  a  common  irritabUity,  and  been  able  to  isxpand 
and  contract.  This  opinion  is  based  on  the  circumstance,  that  some 
specimens  occnr  in  which  the  zoophyte  is  in  the  form  of  a  nearly  flat 
circular  disk,  and  others  in  that  of  a  subcylindrical  pouch ;  in  the  former 
state  the  outer  reticulated  structure  is  elongated,  while  in  the  Utter  it  is 
contracted  and  corrugated.  The  polype-cells  are  cylindrical  and  very 
regular ;  of  these  cells  the  flints  often  present  beautiful  casts  which  ap- 
pear like  rows  of  minute  pillars  on  the  inner  surface. 

When  the  flint  that  fills  up  the  cavity  of  a  Ventriculite 
can  be  extracted,  it  is  found  to  be  a  solid  cone,  having  its 
surface  studded  over  with  papill®,  which  are  casts  of  the 
orifices  of  the  polype-cells.  When  the  enclosed  polyparia 
in  flint-nodules  have  perished,  chalcedony  and  quartz-crystals, 
and  sometimes  crystallized  pyrites,  are  found  filling  up  more 
or  less  completely  the  cavities  left  by  the  decayed  parts  of 
the  zoophyte.* 

84.  Zoophytes  of  the  Jurassic  Formation. — ^The 
Oolite,  as  we  have  previously  remarked,  abounds  in  corals, 
and  contains  beds  of  limestone  which  are  merely  coral- 
reefs  that  have  undergone  no  change  but  that  of  elevation 
from  the  bottom  of  the  deep,  and  the  consolidation  of  their 
materials.  The  Coral-rag  of  Wilts  presents  in  fact  all  the 
characters  of  modem  reefs ;  the  polypifera  belong  chiefly  to 
the  Astrinda,  the  genera  of  which  family  principally  con- 
tribute to  the  formations  now  going  on  in  the  Pacific.  Shells, 
echinoderms,  teeth  and  bones  of  ^shes,  and  other  marine 
exuviffi,  occupy  the  interstices  between  the  corals,  and  the 
whole  is  consolidated  by  sand  and  gravel,  held  together  in 
some  instances  by  calcareous,  in  others  by  silicious,  infiltra- 
tions. In  the  chert  of  the  PortUnd  Oolite  at  Tisbury,  Wilt- 
shire, masses  of  a  beautiful  silicified  coral  occur ;  the  polished 

*  I  beg  to  refer  to  my  paper  on  a  **  Microscopical  Examination  of  Chalk 
and  Flint,"  published  in  Ann.  Nat.  Hist  1845,  rol.  zvi.  p.  73  for  a  par- 
ticular account  of  the  siliciflcatlon  of  these  and  other  soophytes.  See  also 
above,  p.  308. 

t  Edwards  and  Haime,  loe.  eit.  p.  75. 
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aeetion  of  a  fragment  is  shown  in  Lign,  148,^.  9.  Large 
masses  of  a  cellular  coral  abound  in  the  limestones  of  the 
Great  Oolite  {Calamophylliaradiata),  The  corals,  shells,  &c., 
are  of  extinct  species.  Thosb  who  have  visited  districts 
where  the  Coral-rag  forms  the  immediate  sub«soil,  and  is 
expoeed  to  view  in  the  quarries,  or  in  natural  sections,  must 
have  been  struck  with  the  resemblance  of  these  rocks  to 
modem  coral-banks.  We  know  that  in  our  present  seas  all 
situations  and  circumstances  are  not  alike  favourable  to  the 
existence  and  growth  of  polypifera ;  in  some  parts  of  the 
ocean  thej  abound,  and.  in  others  are  altogether  wanting. 
In  like  manner,  in  the  deposits  of  the  Jurassic  formation, 
which  extend  over  a  great  part  of  Europe,  and  have  been 
formed  in  a  sea  of  vast  extent,  beds  of  coral  are  not  univers- 
allj  distributed,  but  occur  onljin  certain  districts  (Nuttheim, 
for  instance) ;  in  other  words,  they  occupy  the  situations 
which  in  their  native  seas  presented  the  conditions  required 
bj  their  peculiar  organization. 

The  Lias  contains  but  very  few  polypifera;  leastraa 
MurehUoni  occurs  in  the  lias  of  Skye.  The  Trias  only  a  small 
number  (in  the  Muschelkalk  and  Halstadt  lime-stone). 

35.  Corals  or  the  Faljeozoic  Formations.  —  The 
Mountain-limestone  of  the  Carboniferous  system,  which 
will  come  under  our  notice  in  the  next  discourse,  abounds 
in  the  cellular  and  lamelliferous  zoophytes  :  *  and  many  of 
the  deposits  of  the  Devonian  and  Silurian  system  teem  with 
anthozoan  corals,t  of  peculiar  forms,  and  typical  of  particular 
groups  of  strata.  The  corals  of  the  Silurian  deposits  of 
England  \  equally  prevail  in  the  corresponding  strata  of 
North  America.  § 

•  Edwards  and  Haime,  Monog.  Brit.  Fosb.  Corals,  1852. 

t  Edwards  and  Haiine,  ibid,  1853  and  1854 ;  and  Ann.  des  Sc.  N.  J  848. 

X  Mnrcluson's  '*  Silnrian  System,"  rol.  ii.,  and  "  Silurta/'  pp.  1 19  and 
212,  Ac.    See  also  M'  Coy*s  Palsoz.  Foss.  Cambridge,  plates  1  b  and  1  c. 

{  See  Hitchcock's  "Geology  of  Massachusetto,"  and  Hall's  ^*Fals- 
ontology  of  the  SUte  of  New  York." 
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This  wide  geographical  range  of  the  same  types  of  coral- 
zoophytes  seems  to  indicate  a  more  equal  temperature  in  the 


LIOX.  148.— FOMIL  COftALS.* 

FIff.  1,  S.  Omphjnui  raHurblBAU;  Wealock  llmettonei  IHiJl^. 

—  S.  Palcocfcloi  (one  of  the  Fmmfidm) ;  Dadlcy. 

—  i.  CjathophjUam  hexafoniun ;  Deroiublrt. 

->  5.  STrlngoporsKenlcutata;  MonnUln-lImeetoiM ;  XendlpHUl*. 
»  «.  ThecotmlUa  unularii ;  Ooral-rair ;  WUU- 

—  7.  LithofltroMoii  buftlUfonne ;  MoanUln-limestone ;  ToriKthlr*. 

—  S.  Slice  of  lautrm  oblooga ;  PortUad  Oolite ;  Wilts. 

—  f.  SUce  of  Coral-marble  (Cyetbopbylliui) ;  DeTomhlK. 

seas  of  those  remote  epochs  than  at  present  prevails ;  for 

*  For  numerous  illustrations  of  Fossil  Corals,  Sponges,  and  other 
Zoophytes,  see  Pictorial  Atlas  of  Fossil  Remains,  plates  xxi'vr.  to  xl?. 
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the  reef-fonning  genera  do  not  now  exist  in  waten  of  a  tem- 
perature under  60*,  and  are  therefore,  with  the  exception  of 
the  Bermudas  (p.  633),  restricted  to  intertropical  regions. 

The  aimple  turbinated  corals,  consisting,  like  the  Fungia 
and  Turbinolia  (P/.  VI.j%#.  8  and  16),  of  a  solitary  cell 
{lAgn.  \4&,fg9. 1,  2,  3),  are  found  in  great  abundance  and 
perfection  in  the  Silurian  limestones  of  Dudley,  Wenlock, 
Ac.;  and  are  associated  with  numerous  large  composite 
oorals,  branched  and  massive.*  The  Wenlock  limestone  (in 
Norway,  Sweden,  Bussia,  and  North  America,  as  well  as  in 
Britain)  contains  a  genus  of  singular  .beauty,  and  which^ 
from  the  appearance  presented  by  cross  sections,  is  known 
by  the  name  of  Chain-coral  {Halytites  eaienularius ;  Lign, 
150,7^.  3).  The  tubes  of  this  coral  being  oval  in  section, 
and  arranged  perpendicularly  side  by  side  in  undulating 
lines,  display  in  the  transverse  sections  elegant  markings  re- 
sembling the  anastomosings  of  delicate  chains. 

The  fossil  compound  polypifera  termed  Lithostrotionf  and 
Syringopora,  consisting  of  clusters  of  parallel  tubes,  later- 
ally united,  form  continuous  layers,  or  reefis,  in  the  Moun- 
tain-limestone of  Ireland  and  other  countries ;  and  on  the 
weathered  surface  of  the  stone,  the  corals  stand  out  in  relief 
as  sharp  as  in  the  coral-rocks  of  a  recent  lagoon. 

It  is  interesting  to  remark,  with  respect  to  fossil  corals,  that  a  certain 
peculiarity  of  structure  distinguishes  those  of  the  palseozic  formations 
from  the  secondary,  tertiary,  and  existing  corals.  In  Mr.  Milne  Edwards's 
daasification  {  of  the  corals  proper,  or  Zoanthariay  there  are  four  chief 
orders,  of  which  the  Z.  apoTo$a  and  Z.  perforata  belong  to  the  recent 
Tertiary  and  Secondary  periods ;  the  Z  tabulata  and  Z.  rugosa  being 
chiefly  chazacteristic  of  the  paleozoic  period.  In  the  first  two,  or  neozoic, 
groups  of  oorflds,  the  M9>te,  or  vertical  plates  attached  to  the  inner  sides 
of  the  cell,  are  essentially  composed  of  six  elements,  "  being  disposed  in 

*  See  "  Medals,"  chap,  yiii.,  for  figures  and  descriptions  of  fossil 
oorals ;  and  Dr.  Carpenter's  "  Microscope,"  chap,  xi.,  for  the  strncture  of 
leoent  zoophytes. 

t  LithodendroH,  '*  Medals  of  Creation."  Liffn.  70,  pp.  260  and  264. 

t  Monograph  (Pal.  Soc.)  1850,  p.  x. 
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groups  corresponding  to  the  six  primitive  radii,  or  to  a  multiple  of  that 
number ; "  the  third  order  (Z.  talnUata),  in  which  the  septal  apparatus 
is  arranged  as  in  the  foregoing,  but  very  rudimentary,  includes  two  recent 
genera  (Af»7/!q9oni  and  Heliqpom)^  two  tertiary,  and  four  palieozoic  genera ; 
whilst  the  Z.  rttgota  has  a  quaternary  arrangement  of  the  septal  plates, 
and  is  wholly  palieozoic. 

36.  CoBALLiifE  Marbles. — Certain  limestones,  largely 
composed  of  corals,  in  which  the  interstices  have  been  filled 
up  by  calcareous  spar,  and  the  enclosed  zoophytes  more  or 


ttOX.  lis.— SKCTION  of  FAVO^ITSS  POLTMORPHA;*  IX  A  POLI0BBD  PBBBLK,  PBOX 

Torquay. 

less  transmuted  into  the  same  substance,  are  susceptible  of 
a  high  polish,  and  constitute  some  of  the  most  beautiful  of 
marbles.  The  elegantly  figured  limestones  of  Babbicombe 
and  Torquay  in  Devonshire,  and  those  of  Clifton  in  Derby- 
shire, owe  their  markings  to  the  petrified  zoophytes  of  which 
they  are  in  a  great  measure  made  up.  The  black  marbles 
of  Kilkenny  and  Belgium  are  mottled  with  varied  and 
elegant  figures  of  the  purest  white,  which  are  sections  of 
corals  and  shells  transmuted  into  calcareous  spar. 

*  Drawn  by  Miss  Jane  AUnutt  from  a  beautiful  specimen  in  the  pos- 
session of  Mrs.  AUnutt,  of  Clapham  Park. 
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Many  of  tbe  pebbles  thrown  up  by  the  waves  on  the  shore 
along  the  coast  of  Devonshire  are  water-worn  fragments  of 
the  coral-limestones  of  that  country,  and,  when  cut  and 
polished,  display  exquisite  sections  of  the  enclosed  corals 
{Lign.  149).* 


LlOK.  lW.>-COBAlXnrX  ICAXBUES. 

fig.  1.  fliIiirUBllinMt<nie,eoiap<MedofS^ifif«fwra&(Ai^t«;  I>vAe7- 

—  %.  PoUthed  Mctlon  of  a  marble  formed  of  LUhottrotion  irrtt^dof ; 

Derbjrahlre.    (Moantaln-limestone.) 

—  9.CbMin-ConlfUa»wmU$cmtmuloriu$Jtl>nilej     (Blluriaa.) 

A  reddish  marble,  beautifully  marked  by  the  sections  of 
the  enclosed  coral-tubes  ("coraUites"),  and  susceptible  of  a 

*  The  fonn  and  structure  of  the  species  of  coral  of  which  a  section 
appears  in  this  polished  pebble  are  shown  in  Lign,  86,  Medals  of  Cre- 
ation, vol.  i.  p.  258. 


654 


THE  WONDEBS  OF  GEOLOGY.  Ltct.  VI. 


good  polish,  is  quarned  in  some  parts  of  Westmoreland  and 
Derbyshire  {Lign,  150,^.  2).  Mr.  Parkinson  *  ascertained 
that  the  hue  of  this  marble  may  be  dependent  on  the  original 
colour  of  the  coral,  which  probably  was  of  a  reddish  hue. 

I  have  mentioned  (p.  617),  that  the  earthy  matter  of  the  recent  corals, 
like  the  phosphate  of  lime  in  the  bones  of  animals,  is  secreted  by  a  mem- 
branous structure,  and  that,  if  the  lime  be  remored  by  a  chemical  pro- 
cess, the  tissue  will  be  rendered  manifest.  Few,  however,  will  be  pre- 
pared to  learn,  that  even  in  corals  which  have  been  entombed  in  the  solid 
rock  for  innumerable  ages  the  animal  membrane  can  be  detected.  To 
Mr.  Parkinson  we  are  indebted  for  the  knowledge  of  this  interesting  fact. 
He  immersed  a  piece  of  marble  {Lign,  150,^.  2)  in  dilute  muriatic 
acid,  which  has  the  property  of  dissolving  calcareous  earth  without  affect- 
ing animal  matter :  to  employ  his  own  words,  "  as  the  calcareous  earth 
dissolved,  and  the  carbonic  acid  gas  escaped,  I  was  much  pleased  to  ob- 
serve the  membranaceous  substance  appear,  depending  from  the  marble 
in  light,  flocculent,  elastic  membranes.  Many  of  these,  most  unexpect- 
edly, retained  a  very  deep  red  colour,  and  appeared  in  a  beautiful  and 
distinct  manner,  although  not  absolutely  retaining  the  form  of  the  tubi- 
pore."    {Loe.  cit.) 

37.  Cbinoibea,  OB  Lilt-shaped  AWiMALS.f — The  Echi- 
nites,  so  numerous  in  the  chalk  (p.  338),  and  the  Star-fishes, 
which  are  more  sparingly  distributed  in  the  cretaceous  strata, 
are  referable  to  the  same  group  of  marine  animals  as  those 
to  which  I  would  now  direct  your  attention.  All  these 
creatures  belong  to  the  class  Badiaria^  so  named  from  the 
different  parts  of  which  the  animal  is  composed  being  ar- 
ranged symmetrically  around  the  centre.  This  structure  is 
exemplified  in  the  Urasfer  and  ABteritUy  or  Cross-fish  and 
Star-fish,  that  abound  on  our  coasts,  and  must  be  familiar  to 
every  one.  These  animals  have  a  central  disk,  containing  the 
mouth  and  viscera,  from  which  proceed  five  long  arms  or 
rays;  the  skeleton  is  composed  of  numerous  little  bones, 

•  Organic  Remains  of  a  Former  World,  vol.  ii.  p.  16,  pi,  I.^.  3. 

t  Medals  of  Creation,  chap.  viii.  The  Pictorial  Atlat  Fost.  Rem,  con- 
tains numerous  figures  of  Crinoidea  (plates  XLVI.  to  LI  I.).  See  Miiller's 
elaborate  description  o( PerUacrinut  Caput-medtita,  &c.,  Berlin.  Transact. 
1841,  p.  177,  &c. 
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niTeloped  in  a  tougli  integument.  These  bones,  or  osneula, 
toe  calcareous ;  and  are  in  close  apposition  over  the  bodj, 
bat  are  articulated  together  in  regular  scries  along  the  mar- 
gins of  the  rajs,  which  are  therefore  strong  and  flexible.  A 
longitadinal  furrow  extends  from  the  mouth. to  the  extremity 
of  each  ray,  the  sides  of  which  are  perforated  by  alternating 
rows  of  pores,  for  the  exsertion  of  tubular  tehtacula. 

Some  kinds  of  Echinoderms  (the  Oomatula^  or  Feather- 
stars),  instead  of  the  flye  flat  rays,  have  jointed  arms,  that 
proceed  from  a  central  cup-shaped  calcareous  base,  and  di- 
vide and  subdivide  into  delicate  jointed  tentacula,  the  sides 
of  which  are  fringed  with  rows  of  still  smaller  articulated 
pinniB  or  processes.*  Now,  if  we  imagine  a  Comatula  placed 
with  its  mouth  upwards,  and  fixed  on  the  top  of  a  jointed 
stem  by  the  centre  of  its  dorsal  surface  (a  condition  actually 
existing  in  the  young  Gomatul®),  we  have  the  essential  type 
of  the  Crinoideans,  or  Lily-shaped  animals,  so  named  from  a 
fancied  resemblance  of  some  of  the  species  when  in  a  state  of 
repose  to  a  closed  lily.  This  family  is  not  abundant  at  the 
present  day;  its  existing  representatives  are  a  few  small 
species  (with  or  without  stalks),  on  the  British  and  Euro- 
pean coasts,  a  more  numerous  series  of  large  Comatul®  in 
the  tropical  seas,  and  by  the  rare  fixed  crinoid  (Pentacrinui 
Oaput'Medusai)  inhabiting  the  seas'  around  the  West  Indies. 
Of  this  elegant^nd  scarce  representative  of  the  seas  around 
the  West  Indies,  and  of  this  sole  representative  of  the 
numerous  crinoideans  of  the  pal»ozoic  ages,  but  five  or  six 
specimens  have  been  brought  to  Europe.f  It  belongs  to  that 
subdivision  in  which  the  joints  of  the  column  are  pentagonal, 
hence  its  generic  name.} 

38.  Stbuctubb  of  thb  CBoroiDEA. — From  this  recent 
example  (^Li^n,  151),  which  does  not  essentially  differ  from 

*  The  liring  British  Star-fisbw  are  beautifully  figured  in  the  late  Pro- 

E.  Forbes's  charming  vtotIl,  published  by  Van  Voorst,  1841. 
t  Petri£u:tions  and  their  Teachings,  p.  77.  X  Medals,  p.  282. 
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the  extinct  forms,  a  more  accurate  knowledge  of  the  struc- 
ture of  these  curious  animals  has  been  obtained.  The  Cri- 
noideans  are  characterized  by  having  a  root  or  process  of 
attachment,  by  which  thej  are  fixed  at  the  base  to  the  rock. 


LION.  151.— TBB  BODT  A3fD  VPPEB  PAST  OF  TOX  VriOl  OF 

PBMTACUMVB  CAPVT-MBOV&B.* 

^IVtMR  tk*  Wmt  ZmOiam  Smu.) 

— ^a  stem  composed  of  numerous  articulations,  or  separate 
pieces  of  a  solid  calcareous  substance, — and  a  cup  or  yase  at 
the  summit  of  the  stem,  which  contains  the  body  or  viscera 
of  the  animal,  and  from  the  upper  border  of  which  proceed 
articulated  arms  or  tentacula.     When  the  animal  is  alive, 

*  First  figured  and  described  by  M.  Guettard ;  see  Parkinson,  Org. 
Rom.  vol.  ii.  p.  266 ;  and  Miiller,  op.  cit.  p.  185. 
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the  skeleton  is  covered  by  a  soft  integument,  as  in  the  Star- 
fishes ;  the  mouth  is  situated  on  one  side  of  the  centre  of 
the  receptacle,  which  is  surrounded  by  the  arms  that  spread 
out  and  expand  into  a  net  to  capture  the  living  prey,  and, 
like  the  tentacula  of  the  hydra,  seize  and  convey  it  to  the 
mouth.  I  scarcely  need  remark  that  the  Crinoidea  are  in- 
dividual organisms,  and  are  never  aggregated  and  united  by 
one  common  axis,  as  are  the  compound  Polypifera  that  late- 
ly engaged  our  attention.  There  are  some  fossil  crinoideans 
destitute  of  a  stem,  and  thes^  must  have  been  free  animals, 


6  7  8  9  10 

How.  1S2 — STXMS  or  EXCaiNlTES  AKD  PBNTACRiyrrBS. 

Tig.  1.  Screw,  or  Pulley-stone ;  •  CMt  in  the  hollow  of  an  encriniul  colamn. 

2, 4.  Articulating  turfiieeB  of  different  kinds  of  encrlnltsl  oisicula.  or  Trochltes- 
3,  *.  Portions  of  encrlaital  stems,  or  Entrochl.  6, 8, 10.  Stems  of  Penucrlnites. 
7, 9.  Separate  osaicula,  or  Troehltes,  of  Penucrlnites. 

floating  at  liberty  through  the  water,  like  their  analogues,  the 
recent  Feather-stars. 

The  number  of  ossicula  in  the  skeleton  of  a  single  Encri- 
nite  has  been  computed  at  thirty  thousand ;  but  in  the  more 

2u 
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complicated  Fentacrinites  they  exceed  one  hundred  and 
fifty  thousand,  and  in  the  plumose  species  must  amount  to 
hundreds  of  thousands.*  The  detached  ossicula  occur  in 
myriads  in  the  Carboniferous,  Devonian,  and  Silurian  rocks, 
and  the  relics  of  one  species  alone  sometimes  form  thick 
beds  of  marble  in  the  mountain-limestone  series. 

39.  Encbinites  AifD  Pentacbinites. — The  fossil  re- 
mains of  Crinoidea  consist  of  the  ossicula  of  the  column, 
arms,  and  tentacula, — of  the  plates  of  the  vase  or  re- 
ceptacle,— and  of  the  more  massive  peduncle,  by  which  the 
base  of  the  column  was  permanently  fixed  to  the  rock.  The 
separate  tones  of  the  column  were  called  trochiieSy  or  wheel- 
stones,  by  the  early  collectors ;  and  several  united,  entr(h 
ehites.  In  the  north  of  England  they  were  popularly  known 
by  the  name  of  "fairy-stones,"  and  "St.  Cuthbert's  beads  :"t 
the  circular  perforated  kinds  are  occasionally  found  in  tu- 
muli, having  been  worn  as  ornaments  by  the  ancient  Bri- 
tons. These  bodies  present  considerable  variety  in  form, 
and  their  articulating  surfaces  are  marked  with  diversified 
floriform  and  stellular  figures  ;  as  in  the  series  of  specimens 
before  us  {Lign,  152).  The  central  perforation,  which  is 
circular  and  very  small  in  some  species,  and  large  and  pen- 
'  tagonal  in  others,  forms  in  the  united  column  a  channel  from 
the  receptacle  to  the  base,  which  is  supposed  to  have  con- 
tained a  chord  of  animal  matter.  The  inner  part  of  the 
ossicula  seems  to  have  been  more  perishable  than  the  ex- 
ternal zone ;  for  the  former  is  often  filled  up  either  with 
spar,  or  the  material  of  the  surrounding  rocks.  In  the 
silicious  veins  and  bands  of  chert  that  pervade  some  of  the 
limestones  of  Derbyshire,  the  curious  fossils  termed  "  pulley- 

*  The  ossicula  of  an  Extracrinus  are  calculated,  at  a  moderate  com- 
putation, to  amount  to  the  number  of  nearly  750,000.  Austin's  Monog, 
Crinoid.  p.  105. 

t  Parkinson  (Org.  Rem.  vol.  ii.  p.  155,  &c.)  enumerates  the  popular 
names  by  which  these  little  fossils  have  been  kuown  in  diflerent  cowitries. 
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stones,"  or  "screw-stones,"  o^en  occur;  these  are  casts 
formed  by  the  infiltration  of  silex  into  the  cavities  of  encri- 
uital  columns  {Lign.  152, ^y.  1). 


LlO:f.  158.— BVCBXMITAL  XAftBUE  OP  YORKSHIRE.* 

r\ti  1.  BBtrochltM,  or  fragments  of  •tcms  of  Bncrinitct  {.Bkotlocrinu$  wtnu  t),  Ijing  in  relief 
on  a  weathcTtd  block  of  llmoatona;  tnm  Oaradale,  "West  Riding,  Yorkshire. 
t.  FolislMd  slab  of  th«  saina  cnerinltal  marbls,  showing  ths  portions  of  stesu  cut  at  rari- 
oos  angles. 

Occasionally  encrinital  joints  are  found  in  the  fluor-spar 

•  For  the  Fowiil  Zoophytes  and  Crinoids  of  Yorkshire,  see  Prof.  J 
f'Ui]lii»'8  '*  Geology  of  Yorkshire,"  especially  vol.  ii.  plates  1,  2,  and  3 
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contained  in  the  mountain-limestone  of  Derbyshire  ;*  and 
thus  show  that  this  beautiful  spar  has  been  the  result  of 
some  metamorphic  action  on  the  limestone,  the  organic  re- 
mains alone  resisting  the  transmuting  influence  of  the  fluoric 
acid. 

The  skeletons  of  the  Crinoidea,  like  the  stonj  fabric  of 
the  corals,  were,  of  course,  secreted  bj  the  animal  mem- 
brane ;  and,  as  in  the  fossil  coral  (p.  654),  this  tissue  may 
be  detected.  Upon  submitting  some  encrinilal  ossicula  from 
the  Derbyshire  limestones  to  the  action  of  weak  acid,  the 
calcareous  earth  was  remoTed,  and  the  original  membrane 
appeared  in  transparent  flocculi.f 

40.  Debbtshtbe  encbinital  Mabble.  —  Some  of  the 
strata  of  Mountain-limestone,  both  in  Europe,  Asia,  and 
America,  consist  entirely  of  remains  of  Crinoidea ;  and  in 
Derbyshire  some  of  the  beds  form  a  compact  marble,  which 
is  largely  employed  for  chimney-pieces  and  other  ornamental 
purposes. 

In  the  quarries  on  Middleton  Moor,  a  short  distance  from 
Cromford,  in  Derbyshire,  extensive  quarries  of  this  marble 
ore  worked,  and  abundance  of  these  fossils  are  everywhere 
scattered  about.  The  cavities  of  the  entrochites  are  often 
filled  with  white  calcareous  spar,  while  the  ground  of  the 
marble  is  of  a  dark  reddish  brown.  In  other  varieties  the 
substance  of  the  fossils  is  white,  and  the  ground  dark-grey 
or  brown :  both  kinds,  when  worked  into  polished  slabs  or 
ornaments,  are  very  beautiful  and  interesting.  A  specimen 
of  such  limestone  (from  the  borders  of  Westmoreland  and 
Torkshire),  with  the  crinoidal  columns  in  relief,  is  repre- 
sented, Lign,  153,  ^y.  1,  and  a  polished  slab  in  Jig.  2. 

41.  The  LiLT-EycBiNiTE. — One  of  the  most  elegant  of 
the  fossil  crinoidea  is  the  Lily  Encrinite  {Encrinus  liUi/brmiM^ 
Schlotheim)f  which,  as  already  stated,  occurs  only  in  the 

*  Quart.  Joam.  Geol.  Soc.  toI.  tu.  part  2,  MiscelU  p.  115. 
t  See  Parkinaon's  Organic  Remains,  voL  ii.  p.  166. 
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Muschelkalk  of  the  Triassic  system  of  Germany  (p.  550), 
and  is  principally  found  in  one  locality,  near  the  village  of 
Erkerode,  in  Brunswick.  The  structure  of  this  animal  is 
beautifuUy  exemplified  in  the  fine  specimen  figured  in  Lign. 
131,  which  was  formerly  in  the  collection  of  Mr.  Parkinson  ♦ 


Lion.  154.— Mahsvpitk  t  fkom  thk  ciiauckear  Abvndel. 

fCoHtried  mnd  4nwn  fty  O.  A.  Coimbt,  EtqJ 

FIc- 1-  A  plate  with  the  base  of  one  of  the  arms  attached.  S.  Lateral  riew  of  one  of  the  arm^. 
1.  The  OaaicDla,  by  which  the  arms  are  attached  to  the  body.  4.  The  Marsuplte,  with  tbi> 
ttnt  Are  oaaieala  of  two  of  the  arma  attached  to  the  brim  of  the  pelTla. 

The   stem   of  the  JSncrinus  UUiformis  is  constructed   of 
ossicula  alternately   large   and  orbicular,   and    small  and 


•  Org.  Rem.  rol.  ii.  pi.  XIV.  p.  174. 

f  This  is  probably  the  Marsupitet  Unigatut  of  Forbes,  Dixon't  Fos8. 
Suuex,  pi.  20,  fig.  8.  The  species  of  this,  genus  have  not,  however,  been 
yet  well  worked  out.  Hernains  of  Marsupites  have  been  found  in  the 
chalk  of  Kent  (Margate),  Suii9ex  (Offham,  Preston,  Brighton,  and  Burp- 
bam,  near  Arundel),  Wilts  (Tidworth),  and  Danes  Dike,  Yorkshire. 
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cylindrical,  thus  forming  a  column  of  great  flexibility. 
The  "pelvis,"  or  plated  cup  containing  the  body,  resem- 
bles in  shape  a^  depressed  vase ;  the  upper  part  of  its  cavity 
appears  to  have  been  closed  by  an  integument  protected 
by  numerous  plates,  the  mouth  of  the  animal  being  situated 
near  the  centre. 

It  will  elucidate  this  subject  if  we  examine  this  specimen 
of  a  Marsupite,  in  which  the  bases  of  two  of  the  arms  are 
preserved  {Lign,  154).  A  vertebral  column  attached  to  the 
central  plate,  at  the  base  of  this  crinoidean,  would  convert 
it  into  an  Encrinite ;  and  in  the  large  expanded  plates  of 
the  receptacle,  and  the  strong  and  simple  ossicula  of  the 
arms,  we  have  the  elements  of  the  more  complicated  and 
delicate  fabric  of  the  Lily  Encrinite.  In  another  speci- 
men of  Marsupite  (now  in  the  British  Museum),  the  plates 
which  covered  the  opening  of  the  receptacle  are  preserv- 
ed.* The  Marsupite  may  therefore  be  considered  as  a  free 
Crinoid,  uniting  the  ComatulidaB  with  the  Apiocrinid»  and 
their  allies.  The  form  of  the  perfect  skeleton  of  the  Mar- 
supite was  shown  in  a  previous  lecture,  when  treating  cf 
the  Eadiaria  of  the  Chalk  (p.  337). 

42.  Peab-Encbinite  (Apiocbinus)  or  Bbadfobd.-J — 
A  smooth  Crinoid,  which,  from  the  body  having  a  pyriform 
shape,  has  received  the  name  of  Pear-Encrinite,  occurs  in 
considerable  numbers  in  the  Oolite  near  Bradford  in  Wilt- 
shire, under  the  interesting  circumstances  already  mentioned 
(p.  504). 

The  receptacle  or  body-cup  of  this  Encrinite  is  very 
smooth,  and  crossed  transversely  by  fine  lines  where  the 
plates  of  which  it  is  composed  unite.  The  stem  is  short, 
smooth,  and  strong ;  the  arms  are  simple,  and  bear  consider- 
able resemblance  to  those  of  the  Marsupite.  In  this  draw- 
ing {Lign.  Ibb^fig.  1),  reduced  from  Mr.  Miller's  work  on 

*  See  Fossils  of  the  South  Downs,  pi.  XVI.  fig.  6. 

t  Medals  of  CrcatioD,  p.  289 ;  Pictor.  Atlas,  pi.  L.  figs.  1—8. 
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the  Crinoidea,  a  group  of  these  animals  is  represented  as  if 
alive  in  the  water.  A  few 
perfect  specimens  have  heen 
obtained ;  but  the  body  is 
usuallj  found  deprived  of  the 
arms,  and  broken  off  at  the  top 
of  the  column  (Jig,  2) :  the 
vertical  polished  section  (^fig, 
3)  shows  the  form  and  ar- 
rangement of  the  plates  com- 
posing the  receptacle  or  pelvis. 
There  is  a  crinoidal  genus, 
termed  Bourgueticrinus  by 
D'Orbigny,*  much  resembling 
the  Apiocrinus  in  miniature, 
and  formerly  confounded  under 
the  same  name, .that  occurs 
plentifully  in  the  Chalk  of 
England  and  Europe,  and  has 
been  found  also  in  the  London 
Clay.  Parts  of  two  species- 
are  figured  in  the  Medals^  vol. 
i.  p.  291,  Lign.  93. 

43.  PETJTACRiyiTES,  ACTI- 
KOORiy  ITE8,  &c.t  —  In  the 
Pentacrinus  and  closely  allied 
Eitracrinu8,J  the  ossicula  com- 
posing the  columns  are  pen- 
tagonal, but  in  some  species 

they  have  only  four  angles  {Lign,  1^2^  jig,  10)  ;  and  in  some 
the  angles  are  acute,  in  others  rounded.  The  stems  ure 
furnished  with  numerous  side-arms  (see  the  recent  speci- 

•  Hiat.  Nat.  Crinoidcs,  4to  (unfinished). 

t  Medals,  p.  294,  Lign,  94:  Buckland's  Bridg.  Treat,  pi.  47—53. 
X  See  the  unfinished  Monograph  on  Recent  and  Fossil  Crinoidea,  by 
Messrs.  Austin,  p.  95,  &c. 


Lion,  lu.— Pkas-enckixitb  or 
Bradford. 

[Apiaerimu  ParkitMuU.) 

Fif  1.  A  group  of  Apiocrlnites  repmnit- 
•d  u  altTe  In  the  water;  w»ta^ 
with  the  tcntMttla  expanded, othem 
cloecd. 

1.  Bodjr  of  the  Pear-Encrinlte. 

S.  A  rertleal  lection  of  the  aame. 
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men,  Lign,  151),  and  the  tentacula' subdivide  into  innumer- 
able branches,  which  terminate  in  delicate  articulated  rave. 


UOJ{.  13G.-CBIKOIDBA  FROM  THE  M    UXTAIKLIMESTOXB  A>'0  SlLt'CIAX 
FORXATIONS. 

V\tg.  \.  O^thocrinite$  pyrifarmit,  from  the  Wenlock  limestone.    (Jr«reAMo«'<  Siturian  System, 
PI.  17,  UK- 6.) 
S.  Restored  flgare  of  Aetimomrimu  triaeonhdiieiiflut  from  the  MonuUdn-limestone.    {MiUtr't 
Orinindta,  p.  96.)    a,  the  root-like  processes  of  ftttachmcnt;  h,  the  sldc-annsi  c,  th« 
pelvis  i  d,  the  arms  or  tentacula. 

Allusion  has  already  been  made  (p.  528)  to  the  abundance 
and  extreme  beauty  of  the  plumose  Pentacrinites  of  the 
Lias-shale  at  Lyme  Eegis,  and  other  localities  in  Yorkshire^ 
Gloucestershire,  and  Somersetshire.     See  also  Lign,  157. 

Many  other  genera  of  this  numerous  family  have  been 
discovered,  and  are  figured  and  described  by  palcDon- 
tologists.*    In  some  instances  the  receptacle  appears  to  be 

*  For  a  more  Darticular  account  of  the  natural  history  of  this  tribe  of 
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closed,  the  tentacala  being  retracted  or  bent  inwards,  as 
if  the  animal  had  been  in  the  act  of  conveying  prey  to  its 


Has-  157.— PXXTACBINITES  SUBAXOULaBIS.* 

Ib  LIm  Umettone,  from  BoU,  Wirtembcrff  (one-sixth  nat<  «lie\ 

mouth,  at  the  very  moment  of  its  becoming  enveloped  in 
its  rocky  sepulchre  (Xiyn.  156,  Jig,  1).  In  other  exam- 
animals,  besides  the  works  by  Parkinson,  Miller,  D'Orbigny,  Austin, 
Phillips,  and  others,  already  referred  to,  see  Forbes,  Memoirs  Geol.  Sur- 
vey, Tol.  ii.,  and  Monog.  Tert.  Echin.  (Pal.  Soc.) ;  Goldfuss,  Petrif. 
Germaiiiee,  &c. ;  M'Ck>y,  Paleeoz.  Foss.  Cambridge  Mus.;  Hall,  Palteont. 
New  York ;  and  especially  the  masterly  history  of  the  Criuoids  of  the 
Carboniferous  System,  by  MM.  L.  de  Koninck  and  H.  le  Hon  (M6m. 
Acad.  Roy.  Belgique,  1854),  which  contains  a  remarkable  register  of 
nearly  350  books  and  memoirs,  dating  from  1558  to  1853,  in  which  these 
interesting  fossils  have  been  described.  Since  1853  Roemer,  Miiller, 
Sandberger,  Shumard,  Wright,  and  others  have  added  much  to  our 
knowledge  of  the  Crinoids.  Bronn*s  New  Edition  of  his  Letfuea  Geognoa- 
iiea,  and  Pictei's  Paleontologies  2nd  Edit.  vol.  ir.,  should  be  consulted  for 
the  latest  resumes  on  the  subject :  these  two  works  supply  also  beautiful 
scries  of  illustrations  of  all  the  generic  forms  of  this  family. 

*  This  is  a  portion  of  a  beautiful  specimen  in  the  British  Museum. 
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pies,  the  skeleton  lies  in  relief,  with  the  arms  spread  out, 

as  if  the  creature,  while  float- 
ing at  its  ease  in  the  water, 
had  been  suddenly  surrounded 
and  entombed  in  the  mud 
(X^iw.  157,  158).  The  ele- 
gant plumose  encrinite,  term- 
ed Actinocrintts,*  Occurs  in  a 
beautiful  state  of  preserva- 
tion in  the  Mountain-lime-  ' 
stone ;  the  form  of  the  origi- 
nal is  well  represented  in 
the  Li^n,  156,  Jiff.  2,  p.  664. 
The  receptacle  of  the  Actino- 
crinite  is  constructed  of  nu- 
merous plates,  which  in  many 
species  are  richly  ornament- 
ed ;  and  some  have  the  sur- 
face granulated  in  a  radiating 
manner,  like  those  of  certain 
varieties  of  the  Marsupite.  In 
another  f^enuB,  the  Ckfaiho- 
crinus  {Lign,  158),  the  recep- 
tacle is  very  simple,  and  com- 
posed of  but  few  plates.  The  ossicula  of  the  columns  in  the 
Actinocrinites  and  Cyathocrinites  are  round  and  smooth: 
a  beautiful  specimen  of  the  cup-shaped  Encrinite  is  repre- 
sented, of  half  the  natural  size,  in  Lign.  158. 

44.  Pentbemites  and  Ctstidba. — The  species  and  even 
genera  of  the  fossil  Crinoideaf  are  so  numerous,  that  their 
bare  enumeration  would  require  more  space  than  we  can 
allot  to  the  subject,  and  I  can  only  notice  two  other  remark- 
able types. 

*  SigDifying  the  Radiated,  or  Xave-and-spoke  Lily-animal. 
[  M.  Pictet  euuinerates  upwards  of  a  hundred  genera. 


Lion.  188.— Cup-likb  bncrimtk. 

(CffatkoeriniUt  plamu.) 

From  the  Mountain-limMtoDe,  ClCTedon, 

Somerteubire 
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PefUremUes.  These  LUj-shaped  animals  seem  to  hold  an 
intermediate  space  between  the  Echinites  and  the  Encri- 
nites.  Their  receptacle  consists  of  five  petaloid  divisions 
united  by  corresponding  series  of  plates,  which  meet  in  a 
point  at  the  summit.  Each  petal  is  divided  by  a  groove,  and 
is  perforated  near  the  apex.  They  have  a  very  short  pedicle. 
These  Crtnoideans  are  so  abundant  in  some  of  the  cherty 
beds  of  the  mountain-limestones  of  Kentucky,*  that  the 
rocks  have  acquired  the  name  of  Pentremital  limestone.  Six 
or  seven  species  occur  in  the  mountain-limestone  of  York- 
shire. 

Cystidea.  In  the  oldest  of  the  fossiliferous  strata  there  oc- 
cur certain  Crinoideans  of  a  type  which  is  supposed  to  be 
restricted  to  the  older  palaeozoic  periods.  There  are  about 
fifteen  sf)ecies  in  Britain,  chiefly  of  the  genera  Echinospha* 
riteM  and  Fseudoerinites,  These  fossils  were  distinguished 
by  Von  Buch  f  by  the  name  of  Gystidea.  The  receptacle 
is  of  an  Qval  form,  composed  of  numerous  polygonal  plates 
articulated  together,  and  having  the  necessary  apertures  on 
the  side  of  the  cup  required  by  the  economy  of  the  animal ; 
it  has  a  short  pedicle.  The  Cystidea  are  supposed  to  be 
destitute  of  true  arms.  They  comprise  several  genera,  and 
are  among  the  first  forms  in  which  the  Crinoidea  appear  in 
the  natural  records  of  our  planet. 

I  must  here  conclude  this  very  general  notice  of  the 
Cnnoideans,  a  family  which,  though  of  excessive  rarity  in 
the  present  seas,  swarmed  in  the  oceans  of  the  earlier  epochs, 
in  various  modifications  of  form  and  structure,  comprising 
numerous  genera  and  species,  all  of  which  are  now  extinct. 

45.  CoNCLFDTNO  REMARKS.  —  From  this  review  of  the 
Polypifera  and  Crinoidea,  we  learn  that  an  atom  of  living 
jelly  floating  in  the  ocean,  and  at  length  becoming  affixed 

*  Say;  Journal  of  the  Acad.  Nat.  Sciences  of  Philadelphia,  for  1820. 
t  Transact.  Acad.  Berlin ;  and  Quart.  Joum.  Geol.  Soc.  vol.  ii.  part 
2,  Miscell.  p.  20;  and  Austin,  ibid,  vol.  iv.  p.  291. 
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to  a  rock,  may  be  the  first  link  in  a  chain  of  events,  which 
after  the  lapse  of  ages  may  produce  important  modifications 
in  the  physical  geography  of  our  globe.  We  have  seen  that 
the  living  polypes  in  their  rocky  habitations  enjoy  all  the 
blessings  of  existence,  and  at  the  same  time  are  the  uncon- 
scious instruments  of  stupendous  operations,  which  in  after- 
ages  may  affect  the  destinies  of  mighty  nations ;  and  that 
the  materials  elaborated  by  their  agency,  and  subsequently 
consolidated  by  chemical  changes,  may  become  the  founda- 
tions of  Islands  and  Continents,  and  constitute  new  and 
favourable  sites  for  the  abode  of  future  generations  of  the 
human  race. 

And  when  we  bring  the  knowledge  thus  acquired  to  bear 
on  the  natural  records  of  our  planet,  and  examine  the  rocks 
and  mountains  aix>und  us,  we  find  that  in  periods  tfo  remote 
as  to  exceed  our  powers  of  calculation,  similar  effects  were 
produced  by  beings  of  the  same  type  of  organization  as  those 
whose  labours  have  been  the  subject  of  our  contemplation. 
We  are  thus  enabled  to  read  the  history  of  the  past,  and  to 
trace  the  succession  of  events,  each  of  such  duration  as  to 
defy  all  attempts  to  determine  with  any  approach  to  proba- 
bility the  period  required  for  its  development. 

In  fine,  these  investigations  have  shown  us  the  marvellous 
structure  of  creatures  invisible  to  the  naked  eye,  their  modes 
of  life  and  action,  and  the  important  changes  effected  in  the 
relative  proportion  of  land  and  water,  by  such  apparently 
inadequate  agents.  They  have  instructed  us,  that  above, 
beneath,  and  around  us  th^re  are  beings  so  minute  as  to 
elude  our  unassisted  vision,  yet  possessing  sensation  and 
voluntary  motion,  and  each  furnished  with  its  systems  of 
nerves,  muscles,  and  vessels,  and  preying  upon  creatures 
btill  more  minute,  and  of  which  millions  might  be  contained 
in  a  drop  of  water  ;  nay,  even  that  these  last  are  supported 
by  living  atoms  still  less,  and  so  on — and  on — until  the 
mind  is  lost  in  aston^hment,  and  can  pursue  the  subject  no 
further ! 
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Thas^ire  we  taught, — 

'*  That  those  llYing  things 
To  whom  the  fragile  blade  of  grass. 

That  springeth  in  the  mom 

And  perisheth  ere  noon, 
Is  an  unbounded  world — 

That  those  viewless  beings, 
Whose  mansion  is  the  smallest  particle 
Of  the  impassive  atmosphere, 

Ei^oy  and  live  like  man  1 

And  the  minutest  throb, 
Which  through  their  frame  diffuses 

The  slightest,  faintest  motion, 

Is  fixed  and  indispensable 

As  the  mf^estic  laws 
That  rule  yon  rolling  orbs ! " 

Shelley. 

We  have  contemplated  the  results  produced  by  these 
countless  myriads  of  animated  forms, — the  excess  of  calca- 
reous matter  brought  into  the  waters  of  the  ocean  consoli- 
dated by  their  influence,  and  giving  birth  to  new  regions ; 
and  we  have  obtained  evidence  that  in  the  earlier  ages  of 
our  globe,  like  effects  were  produced  by  similar  living 
instruments.  The  beds  of  fossil  coral  are  now  the  sites  of 
towns  and  cities,  whose  inhabitants  construct  their  abodes 
of  the  limestones,  and  ornament  their  temples  and  palaces 
with  marbles  formed  of  the  petrified  skeletons  of  the  zoo- 
phytes which  lived  and  died  in  oceans  that  have  long  since 
passed  away ! 

Hence  we  perceive  that  He  who  formed  the  Universe 
creates  nothing  in  vain ;  that  His  works  all  harmonize  to 
blessings  unbounded  by  the  mightiest  or  the  most  minute  of 
His  creatures ;  and  that  the  more  our  knowledge  is  increas- 
ed, and  our  powers  of  observation  are  enlarged,  the  more 
exalted  will  be  our  conception  of  His  wondrous  works ! 


LECTUEE  VII. 


*       THE   CABBONIPEBOUS  SEEIE8. 

1.  Introductory.  2.  The  Carboniftrous  Serlet.  8.  The  Coal-meuares.  4.  Coal-fldd  ol 
Derbyshire.  5.  Ck>albrook  Dale.  6.  Natare  of  Coal-deposiU.  7.  Mode  of  Depocltlon 
of  the  Coal-measures.  8.  The  Great  Dismal  Swamp  of  Virginia.  9.  Erect  Trees  In 
the  Carboniferous  DeposlU.  10.  Upright  Trees  at  Wolrerhampton  and  St.  EUenne. 
II.  Upright  Trees  In  the  Coal-measures  of  Nova-ScoUa  and  Cape  Breton.  12.  Coal- 
■holes  and  VegcUble  Bemalns.  13.  Millstone  Grit.  14.  Carboniferous  Limestone. 
15.  Derbyshire  Lead-mines.  16.  Carboniferous  Rocks  of  Devonshire.  17.  Trap-rock* 
and  Tmp-dikes  of  the  Carboniferous  Series.  18.  Faults  In  the  Coal-measures.  19. 
Geographical  distribution  of  the  Carboniferous  Strata.  20.  Carboniferous  Rocks  of 
North  America.  21.  Organic  remains  of  the  Carboniferous  Series.  22.  Organization 
of  Ve^retables.  23.  Climate  and  Seasons  indicated  by  Fossil  Wood.  24.  Microscopic.^ 
examination  of  Fossil  Trees.  26.  Nature  of  Coal.  26.  Liebig  on  the  formation  of  Coal. 
27.  Bitumen,  Petroleum,  and  Naphtha.  28.  The  Diamond.  29.  Anthracite,  Plumbago, 
&c.  ao.  Petrifaction  of  Yegetabtet.  81.  Artificial  VegeUble  Petrifactions.  82.  SUlci- 
flcatloii  of  VegeUblcs.  83.  Fossil  Plants  of  the  Coal.  34.  Equlscetaccous  llants.  35. 
Fossil  Ferns.  36.  Sigillarla.  87.  Stigmarla.  88.  Lepldodendron.  89.  Coniferous  Trees 
and  Plants.  40.  Flora  of  the  Coal.  41.  Atmospheric  conditions  during  the  Carbonifer- 
ous period.  42.  Formation  of  Coal-measures.  43.  Coal-measures  originating  in  sub- 
merged Lands.  44.  Zoophytes  and  Echlnoderms  of  the  Carboniferous  Series.  45. 
Shells  of  the  Carboniferous  Series.  46.  CrusUccans  and  Insects.  47.  Fishes  of  the 
Carboniferous  Series.  48.  Reptiles  of  the  Carboniferous  period.  49-  Climate  of  the 
Palnoxolc  Ages.   60.  Retrospect,  and  Botanical  Epochs. 

1.  Inteoductoby. — From  the  contemplation  of  the  changes 
produced  on  the  earth's  surface  by  the  agency  of  minute 
beings  whose  nature  and  economy  are  known  only  to  the  in- 
structed observer,  we  resume  the  geological  argument  from 
which  we  have  for  a  while  digressed,  and  enter  upon  the  ex- 
amination of  the  series  of  strata  deposited  during  the  period 
immediately  antecedent  to  the  Permian  formation  described 
in  the  fifth  Lecture. 

The  Carboniferous  series,  so  named  from  its  comprising  the 
principal  deposits  of  mineral  fuel,  consists,  in  England,  of  a 
great  triple  formation  of,  1st  (lowest),  a  group  of  calcareous 
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strata,  locally  interbedded  with  sliales,  sandstones,  ironstone, 
and  coalj  beds  (Mountain-limestone)  ;  2nd,  a  group  of  gritty 
and  sandy  beds,  also  with  some  coal  (Millstone-grit)  ;  3rd, 
an  argillaceous  and  sandy  group,  with  little  limestone,  but 
much  ironstone  and  bituminous  shale,  and  with  numerous 
intercalated  seams  uid  thick  beds  of  the  carbonized  vegetable 
matter  termed  Coal.*  Independently  of  the  interest  attach- 
ed to  these  deposits  from  the  immense  accumulation  of  fossil 
plants  of  which  many  of  them  are  wholly  composed,  this 
series  involves  the  consideration  of  some  very  remarkable 
geological  phenomena ;  for  the  manner  in  which  such  ex- 
tensive layers  of  carbonized  vegetable  substances  (like  the 
intercalated  masses  of  rock-salt  in  the  red  marls  of  the  Trias, 
p.  541),  unmixed  with  extraneous  matter,  were  produced,  is 
a  problem  difficult  of  solution,  under  certain  conditions  in 
which  it  is  presented  to  our  examination.  The  deposition  of 
coal  appears,  as  we  shall  presently  show,  to  have  taken  place 
under  various  circumstances  ;  the  coal  being  in  some  cases 
associated  with  fresh-water,  and  in  others  with  marine  or- 
ganic remains. 

But,  though  from  the  vast  importance  of  mineral  fuel  in 
an  economical  point  of  view  to  nations  in  an  advanced  state 
of  civilization,  and  the  botanical  interest  with  which  such 
extensive  natural  herbaria  of  the  palaeozoic  ages  are  in- 
reeted,  the  coal  is  generally  regarded  as  constituting  the 
essential  feature  of  this  epoch,  yet  it  would  be  more  philo- 
sophical to  consider  these  intercalations  of  carbonized  veget- 
ables, like  beds  of  shells,  &c.,  as  extraneous  and  accidental. 
We  have  already  seen,  that  the  formation  of  coal  was  not 

*  In  the  Crystal  Palace  Gardens  has  been  constnicted  a  section  of  the 
coal-measures,  the  natural  rocks  being  used  as  the  constituents.  In 
Germany,  Dr.  Beinert  has  formed,  in  his  beautiful  gardens  at  Charlotten- 
lirnnn,  a  highly  interesting  artificial  section  of  the  coal-beds,  with  fine 
specimens  of  the  fossil  plants  in  niace;  and  Prof.  Goeppcrt  has  erected 
ft  still  larger  section  in  the  Royal  Botanic  Gardens  at  Breslau.  See  H. 
R.  Goeppert's  Dcr  Konig!.  Botan.  Garten  der  Unir.  Breslau,  8ro,  1857. 
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confined  to  the  carboniferous  system  ;  *  but  that  beds  of  this 
substance  (under  the  various  forms  of  peat,  brown-coal,  lig- 
nite, jet,  pitch-coal,  canuel-coal,  bituminous  shale,  slate-coal, 
uithracite,  glance-coal,  and  common  coal)  have  been  and 
will  be  produced,  wherever  trees  and  plants  are  accumulated 
in  sufficient  quantity  and  under  the  requisite  conditions. 

The  peculiar  types  of  vegetable  organization  comprised 
in  the  flora  of  this  period  afibrd  the  only  distinguishing 
characters  of  the  beds  of  coal  interpolated  in  the  strata 
that  were  deposited  during  the  ages  intervening  between 
the  close  of  the  Devonian  epoch  aud  the  commencement  of 
the  Permian.t 

The  strata  comprised  in  the  Carboniferous  series  form 
two  natural  groups,  as  shown  in  the  following  table ;  and  I 
propose  to  consider,  in  the  first  place,  the  general  fei»tures  of 
the  deposits,  and  their  geographical  distribution ;  secondly, 
the  nature  and  formation  of  coal,  and  the  characters  of  the 
fossil  plants  of  which  it  is  composed ;  and,  lastly,  to  notice 
the  animal  remains,  and  take  a  retrospective  view  of  the  suc- 
cessive floras  which  have  prevailed  on  the  surface  of  the 
earth  during  the  periods  embraced  by  our  geological  in- 
vestigations. 

2.  The  CABBOVirEBons  Series. — Though  in  England 
simply  divisible  .into  a  threefold  series  of  calcareous,  aren- 

•  See  Dr.  F.  Send's  "  Classification  and  Beachreibung  der  Felsarten," 
8vo,  1857  :  also  Dr.  Geinitz*8  "  Steinkohlen-Formation  in  Sachsen,"  foL 
1856.  A  resume  of  the  latter  of  these  valuable  works  is  given  by  Col. 
Portlock  in  his  Presidential  Address  to  the  Geological  Society  in  1857 
(p.  cxxv.).    See  also  Sir  R.  Murchison's  "  Slluria." 

t  See  remarks  on  the  Coal  of  the  Oolite,  p.  513 ;  of  the  Wealden, 
p.  405 ;  of  the  Tertiary,  p.  283 ;  and  in  peat,  p.  66.  It  should  be  remem- 
bered that  coal  occurs  also  in  the  Cretaceous  Series  (in  Saxony  and  else- 
where), in  the  Oolitic  and  Liassic  series  (at  Boll  in  Wirtemberg,  at  See- 
feld  in  the  Tyrol,  and  at  Walgau  in  Bavaria,  and  in  Banat,  &c.),  in  the 
Triassic  series  of  Germany,  and  in  the  Permian  series  of  Saxony ;  also 
occasionally  in  the  Devonian  series :  nor  are  the  Silurian  and  Cambrian, 
and  even  the  hypogene  rocks*  without  their  carbonaceoas  contents 
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aceous,  and  argillaceous  beds,  the  carboniferous  system,  even 
in  the  British  Islands,  becomes  far  more  complicated  in  the 
details  of  its  stratification.  In  Ireland  it  commences  with 
an  important  division,  comprising  sandj  and  shaly  beds 
"(Yellow  Sandstone"*  and  "Carboniferous  Slate,*'  of 
Griffith),  2000  feet  thick ;  and  the  limestone  itself  (5000 
feet  thick)  is  there  separable  into  three  great  divisions.  In 
e  western  counties  of  England,  and  in  South  Wales,  these 
Aowest  sandstones, shales,  and  thin  limestones  are  represented 
bj  from  100  to  nearly  600  feet  of  laminated  beds,  with  marine 
shells,  fishes,  and  terrestrial  plants ;  and  in  Eifeshire  there 
is  a  thickness  of  1500  feet  of  equivalent  beds.  In  its  exten- 
sion northward  of  Derbyshire  the  Mountain-  or  Scar-lime- 
stone becomes  more  and  more  interstrati  fied,  in  its  higher 
portion,  with  shaly  beds ;  and  in  the  northern  counties  and  in 
Scotland  the  great  bulk  of  this  characteristic  limestone-form- 
ation is  not  only  replaced  by  clays,  sands,  and  calcareous 
shales,  bnt  these  are  intercalated  with  numerous  coal-beds, 
often  of  considerable  thickness ;  thus  forming  an  important 
series  of  lower  coal-measures,  the  representatives  of  which 
exist  also  in  Europe  and  in  Nova  Scotia.  The  following  ta- 
bular arrangement  exhibits  the  lithological  characters  and  re- 
lations of  the  carboniferous  deposits. 

•  Brit,  Assoc.  Report,  1852,  Sect.  p.  43.  The  "Yellow  Sandstone" 
b  correlated  by  Godwin-Austen  (Geol.  Quart.  Joum.  vol.  ix.  p.  244) 
with  the  Piltonand  Petherwin  beds  of  North  Devon,  and  referred  by  him, 
with  the  Yellow  Sandstones  of  the  Boulonnais  and  the  Cypridina-schists 
of  Germany,  to  the  Upper  Devonian.  To  this  member  of  the  Paloeozoic 
series  Sedgwick  has  also  provisionally  referred  it  (Phil.  Mag.  1854,  voL 
Tiii.  p.  364,  and  Geol.  Joum.  vol.  viii.  p.  8).  Dr.  Sharpe,  however,  in- 
clined to  the  collocation  of  the  Petherwin  group  with  the  Carboniferous 
system  (Geol.  Quart.  Joum.  vol.  ix.  p.  247).  It  may  therefore  be  said 
of  these  beds  of  passage  from  the  Devonian  to  the  Carboniferous  system, 
as  of  the  transitional  beds  between  the  Silurian  and  Devonian,  the  Car- 
boniferous and  Permian,  the  Trias  and  Lias,  the  Lias  and  Oolitet  &c., 
that  much  exact  observation  has  still  to  be  made  in  these  pnd  other 
doeely  related  instances. 

2x 
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UFFfc». 

(Upper  coal- 
xneMUTM.) 


Lower. 
(Lower  coal- 
meMiireSiOrthe 
mountain- 
limestone 
group.) 


L  CoAL-MBAStniM ;  — dlfieible  *  into  Upper, 
Middle,  and  Lower  (or  '*  Canister  ")  series. 
Grit,  sandstone,  and  shale  or  clay,  with  nu- 
merous beds  of  coal;  ironstone,  in  no- 
dules and  irregularly  stratified ;  and  occa- 
sional intercalations  of  limestone-bands. 
Fossil  reptiles  and  fishes ;  molluscs  (chiefly 
freshwater),  annelids,  insects,  and  crus- 
taceans are  not  uncommon  in  some  parts. 
Thickness  upwards  of  4000  feet  in  some 
districts  of  England. 
2.  M I LLSTONB-ORiT.— Coarse  quartzose  sand- 
stone, passing  into  grit  and  conglomerate, 
used  for  millstones  (hence  the  geological 
term),  with  shales  and  sandstones;  contain* 
ing  the  trails  of  molluscs  and  annelids,  rare 
traces  of  reptiles,  and  interspersions  of  fossil 
plants  and  vegetable  matter,  and  sometimes 

^        layers  of  coal.    Thickness  about  800  feet. 

^  8.  Upper  Limbstonb-sralbs  or  Yorbdals 
ROCxs.-^Altemation8  of  limestones,  shales, 
and  sandstones;  with  some  chert,  rotten- 
stone,  ironstone,  bitumen,  and  coal ;  marine 
shells  (  GoniaiitM,  OrVuxserat^  Produetus,  and 
.  Posidonomya;  Enerimte$,  Ac):  thickness 
about  500  feet. 

4.   MoUNTAlN-LllCltTOIf  B  OT  SCAR-UMBSTONB. 

— ^A  series,  upwards  of  1000  feet  in  thickness, 
of  massive  limestones,  shales,  and  flagstones, 
with  dolomite,  bitumen,  rotten-stone,  chert, 
galena,  and  iron-ore ;  corals,  crinoids,  and 
marine  shells  in  profusion,  and  some  tri- 
lobites.  Beds  of  marble  wholly  made  up 
of  petrified  zoophytes  or  of  crinoids.  This 
group  is  devoid  of  coal  in  South-western 
and  Central  England ;  but  the  mountain-lime- 
stone of  Westmoreland,  Northumberland, 
Fifeshire.and  some  parts  of  Europe  and  North 
America,  contains  extensive  coal-beds,  with 
occasional  tracks  of  reptiles. 


*  In  the  fK>uthem  coal-fields  two  divisions  only  are  apparent : 
chison's  "  Silurian  System,"  chap.  6. 
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5.  LowBR  LiMB8T0»i£-8HA.LB.  —  Alteniating 
shales,  sandstones,  and  limestones ;  with  po- 
sidonomya,  orthis,  and  spirifer ;  abundance 
offish-remains, coprolites,  and cypridae ;  and 
some  remains  of  plants.  About  400  feet  thick. 

8.  The  Coal-msasubes.  —  The  bituminous  substance 
termed  ooal  is  simplj  vegetable  matter  altered  bj  chemical 
dianges,  which  will  hereafber  be  considered.  It  occurs  in 
beds  that  vary  from  a  few  inches  to  a  fathom  or  more  in 
thickness,  and  are  interposed  between  strata  of  shale,  claj, 
micaceous  sandstone,  limestone,  and  ironstone ;  alternations 
of  this  kind,  occuppng  circumscribed  areas,  are  termed  coaU 
lanns.  Mr.  Bakewell  observes  that  the  strata  thus  disposed 
may  be  imitated  by  a  series  of  mussel*shells  or  saucers  placed 
one  within  the  other,  and  having  layers  of  clay  interposed.  If 
one  side  of  the  series  be  raised  to  indicate  the  general  rise  of 
the  strata  in  that  direction,  and  the  whole  be  dislocated  by 
cracks,  the  general  arrangement  df  the  beds  and  the  displace- 
ments wldch  they  have  undergone  will  be  represented  ;  each 
shell  representing  a  bed  of  coal,  and  the  partitions  of  clay 
imitating  the  earthy  strata-which  separate  the  carbonaceous 
layers. 

It  is  the  association  of  iron-ore  with  the  limestone  that 
serves  as  a  flux,  and  with  the  mineral  fuel  required  for  the 
reduction  of  the  ore  into  a  metallic  state,  that  has  given  rise 
to  the  numerous  iron-foundries  established  over  the  sites  of 
our  principal  coal-fields.  The  usual  characters  of  a  CoaU 
Jleld,  ns  a  series  of  strata  of  this  kind  is  termed,  are  shown 
in  the  section  of  that  of  South  Gloucestershire  {Lipi,  124, 
p.  522).  Here  we  perceive  that  the  Devonian  or  Old  Eed 
Sandstone  has  been  elevated  into  a  position  almost  vertical, 
and  that  the  Mountain-limestone,  which  lies  immediately 
upon  it,  partakes  of  the  same  inclination.  This  is  succeeded 
by  conformable  beds  of  MilUtone-grit,  which  are  followed  by 
alternations  of  Coal  and  shales ;  the  Permian  and  Triame 
2x2 
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hedSf  the  Lias,  and  Inferior  Oolite  (3,  4,  and  5)  are  seen 
above  in  an  unconformable  position.  The  Mountain^lime' 
stone  and  MilUtone-grit  (1,  2)  also  appear  on  the  opposite 
flank  of  the  elevated  ridge  of  the  Mendips.  The  chrono- 
logical order  of  the  deposits  exhibited  in  this  section,  that 
is,  the  succession  according  to  their  original  position  before 
thej  had  suflered  displacement,  is  as  follows  :  immediatelj 
overlying  the  lowermost  or  most  ancient,  the  Devonian 
strata  of  the  Mendip  Hills,  we  have  —  1.  Mountain-lime- 
stone.— 2.  Millstone-grit ;  upon  this  are  alternations  of 
Coal,  shale,  and  grit. — 3.  Permian  and  New  Eed  Sandstones. 
— ii.  Lias.— 6.  Inferior  Oolite.— 6.  Great  Oolite.— 7.  Ox- 
ford Clay,  south  of  Malmesbury. 

The  term  bann,  applied  to  these  accumulations  of  carboniferous  strata, 
must  be  taken  in  a  general  sense  ;  for,  though  some  of  these  groups  of 
deposits  may  have  been  formed  in  circumscribed  depressions,  it  is  evident 
that,  in  general,  the  beds  have  originally  extended  over  large  areas,  and 
that  their  present  isolated  position  and  confined  limits  are  attributable  to 
subsequent  elevations  and  depressions  by  which  the  "  faults  "  or  disloca- 
tions of  the  coal  and  associated  strata  of  the  rocks  on  which  they  re- 
pose have  been  produced.  Extensive  denudations  have  completed  the 
separation  of  the  coal-basins. 

Of  the  English  coal-fields,  those  of  Newcastle,  Durham,  Yorkshire, 
Lancashire,  Flinuhire^  Cheshire,  Derby,  Nottinghamshire,  Leicester- 
shire, and  Warwickshire  have  many  features  in  common ;  those  of  South 
Staffordshire  and  Worcestershire  are  related  more  nearly  to  each  other 
than  to  the  other  coal-fields ;  and  those  of  Glamorganshire,  Monmouth- 
shire, Gloucestershire,  and  Somerset  form  another  allied  group.*  The 
coal-measures  of  the  northern  counties  are  divisible  into  a  triple  series — 
upper,  middle,  and  lower ;  the  last,  also  known  as  the  "  Ganister  series," 
contains  in  Yorkshire  a  single  shale-bed  of  marine  origin,  with  Goniatites, 
PotieUmomytt,  and  fishes.  Other  instances  of  the  irruption  of  sea-waters 
into  the  generally  fresh-water  area  of  the  coal-measures, — the  last  efforts, 
as  it  were,  of  the  old  carboniferous  ocean  to  regain  possession  of  the 

*  Phillips'  "  Manual  of  Geology,"  1855.  Both  thb  valuable  element- 
ary work  and  Prof.  Ansted's  •'Elementary  Course  of  Geology,"  1856, 
contain  particulars  of  the  relative  extent  of  the  English  coal-fields,  and  of 
the  thickness  and  character  of  their  respective  coal-beds. 
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npidly  shallowing  region, — are  evidenced  by  occasional  marine  deposiU 
in  tlie  coal-fields  of  Lancashire,  Dudley,  and  Coalbrook-dale. 

4-  Coal-field  of  Debbtshibe. — The  Derbyshire  Coal- 
field will  seire  as  a  tjpe  of  the  English  series. 

The  strata  of  Carboniferous  Limestone  which  form  the  grand  mountain- 
chains  of  Derbyshire  decline  towards  the  eastern  side  of  the  county,  and 
sink  beneath  the  Coal-measures.  Immediately  upon  the  limestone  are 
beds  of  calcareous  slate  or  shale,  about  four  or  five  feet  in  thickness 
(known  as  the  "  Limestone-shale,"  and  equivalent  to  the  Yoredale  locks 
of  Yorkshire),  intercalated  with  grit-stones,  and  about  four  or  five  hun- 
dred feet  in  thickness.  This  series  of  alternating  beds,  compact  and 
soft,  coarse  and  fine,  many  of  which  readily  disintegrate  from  weather- 
action,  forms  the  exposed  face  of  Mam  Tor,  or  the  "  shivering  moun- 
tain^" near  Castleton.  They  are  succeeded  by  a  mass  of  grit,  or  con- 
glomerate, with  vegetable  remains,  which  is  worked  for  mill-stones.  Above 
the  MiUstone-grit  are  the  regular  Coalnstrata,  comprising  sandstones  of 
various  qualities,  and  often  in  exceedingly  thin  laminae,  —  indurated 
day-beds, — iron-stones,  the  nodules  of  which  contain  organic  remains, — 
and  softer  argillaceous  beds,  which,  being  of  a  slaty  structure,  are  called 
lAolet.  Two  of  the  layers  of  clay,  termed  muasel-bind,  abound  in  bivalve 
■hells,  somewhat  resembling  fresh-water  mussel-shells,  but  of  extinct 
types  of  forms.  The  total  thickness  is  1310  yards,  which  includes  thirty 
different  beds  of  coal,  varying  from  six  inches  to  eleven  feet,  and  making 
the  amount  of  coal  about  twenty-six  yards.  In  the  shales  below  the 
coal  there  is  a  transition  from  calcareous  strata,  with  marine  animal  re- 
mains, to  fresh-water  mud-deposits,  with  terrestrial  vegetables :  this  may 
have  originated  from  occasional  intrusions  of  freshets  from  a  river. 

The  series  above  enumerated  is  often  repeated ;  shales,  clays,  and 
sandstones  occurring  under  different  beds  of  coal,  with  a  great  similarity 
in  the  succession  and  thickness  of  each.  Interruptions  to  the  continuity 
of  the  beds,  from  cracks  and  fissures  which  have  taken  place  since  the 
original  deposition  of  the  strata,  are  everywhere  apparent.  Dikes  or  in- 
trusions of  extraneous  mineral  matter  are  of  frequent  occurrence,  separ- 
ating the  strata  by  vertical  walls,  which  are  from  a  few  inches  to  many 
yards  in  thickness.  These  extraneous  masses  sometimes  consist  of  in- 
durated clay,  but  more  commonly  of  the  ancient  volcanic  rock  termed 
bttttUt  or  trap. 

5.  CoALBBOOK  Dale. — In  Shropshire  the  carboniferous 
strata  are  exposed  over  several  detached  areas.* 

*  Consult  Sir  R.  I.  Murchison's  admirable  description  of  the  Car- 
boniferous System ;  "  Silurian  System,"  chap.  Ti. 
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Near  Shreirsbiiry  the  ooal-beds  are  aasociatedwith  limeatone,  of  fresh- 
water or  estuary  origin,  and  containiDg  minute  entomostraiA  [Cypridm)^ 
annelids  {SerpuUe),*  shells  (related  apparently  to  ModkHa  and  Unio)^f 
and  fishes.  But  the  most  important  and  productive  carboniferous  tract 
in  Shropshire  is  Codlbrook  Ikde,  which  is  situated  on  the  east  side  of  the 
range  of  rocks  forming  the  Wrekin  and  Wenlock  Edge,  the  coal-strata 
being  superposed  on  mountain-limestone ;  it  contains  beds  and  nodules 
of  iron-stone,  enclosing  organic  remains.  This  coal-field  |  is  remarkable 
for  the-  dislocated  and  shattered  condition  of  the  strata,  and  the  intruaion 
of  volcanic  rocks ;  the  latter  do  not  appear  as  dikes  or  veins,  in  the  fis- 
sures of  the  beds,  but  rise  up  in  mounds  or  protuberances.  The  walls  of 
the  fissures  are  in  some  instances  several  yards  apart,  the  intervals  being 
filled  with  debris.  Strata  containing  marine  shells  alternate  with  others 
abounding  in  firesh-water  shells  and  land-plants,  as  in  Derbyshire.  These 
alternations  prove  that  these  coal-measures  were  deposited  in  an  estuary, 
subject  to  occasional  freshets  from  a  considerable  river ;  the  frequent 
alternations  of  coarse  sandstones  and  conglomerates  with  beds  of  day  and 
shale,  containing  the  remains  of  the  plants  brought  down  by  the  river, 
support  this  opinion.  The  strata  forming  this  carboniferous  series  con- 
sist of  quartsoee  sandstone,  indurated  clay,  slate-clay,  and  coal.  A  pit 
sunk  in  Madely  colliery,  to  a  depth  of  730  feet,  passed  through  eighty-six 
beds  of  alternating  quartzose  sandstone,  claystone  porphyry,  coal,  and 
indurated  clay  containing  nodules  of  argillaceous  ironstone.     The  sand- 

*  These  little  SerjntUB  have  been  described  as  planorboid  molluscs,  un* 
der  the  name  of  Mieroeonehut ;  but  there  is  no  doubt  of  their  being  true 
Serpule,  as  pointed  out  by  Mr.  E.  W.  Binney  (Memoirs  Phil.  Soc 
Manchester,  vol.  z.  p.  196).  They  are  frequently  attached  to  vegetable 
fragments.  In  Nova  Scotia  these  little  annelids  occur  plentifully  under 
the  same  conditions ;  indicating  in  some  instances  the  drifUng  of  plants 
in  sea-water,  and  in  others  the  advance  of  estuarine  waters  over  sub- 
merged jungles.  A  similar  form  is  found  on  the  fossil  planU  of  the 
Mountain-limestone  of  Northumberland  ( G.  Tate,  Flora  M.  L.  pi.  ziii. 
&g*  6),  and  on  the  marine  shells  in  the  coal-measures  of  Coalbrook  Dale 
(Geol.  Trans.  2nd  ser.  vol.  v.  pi.  40,  figs.  1, 3, 5),  and  also  attoched  to  the 
fossil  shells  and  corals  in  the  Devonian  rocks  of  Russia  and  the  Eifel 
{Sgnrorbit  amphaiodet,  Goldfuss). 

t  Probably  Myalina  and  AnthraeotiOy  of  King.  Such  as  these  occur 
also  in  the  coal-measures  at  the  Joggins  in  Nova  Scotia,  Quart.  Joum. 
Geol.  Soc.  vol.  z.  p.  12  and  p.  39,  figs.  22— 2.5. 

t  See  a  highly  interesting  memoir  on  this  coal-field,  by  Mr.  Prest- 
wich,  Geol.  Transact.  2nd  ser.  vol.  v.  p.  413 ;  also  Murchiaon's  "  Silurian 
System,"  chap.  vii. 
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sumet  of  Coalbrook  Dale  are  fine-gnined  md  micaceous ;  und  some  beds 
are  penetrated  by  petrolewn,  which  at  Coalport  escapes  from  the  surface 
in  a  tar-spring ;  bitumen  also  occurs  in  some  of  the  shales.  Plants, 
shells,  and  crustaceans  *  are  abundant  in  the  shale  and  iron-stone  no- 
dules ;  and  the  remains  of  insects  are  sometimes  mot  with.f 

6.  Natubi  of  CoAirDXPOSiTS. — This  brief  notice  of  two 
of  the  British  coal-fields  will  serve  to  convej  a  general  idea 
of  the  strata  of  which  a  coal-basin  consists.^  But  it  is 
necessary  to  enter  more  particularly  on  the  nature  and  ar- 
rangement of  the  beds  of  coal,  and  their  associated  deposits ; 
for,  though  many  accumulations  of  carboniferous  rocks  have 
manifestly  been  formed  by  different  and  local  agencies,  thQ 
grand  series  of  ancient  coal-measures,  setting  aside  unim* 
portant  discrepancies,  present  a  remarkable  uniformity  of 
character,  not  only  throughout  Great  Britain  and  Europe, 
but  also  in  most  other  narts  of  the  world.  § 

*  Both  Csrpridifonn  and  Llmulus-Uke  Entomostracans.  Piestwich, 
Ice.  eii.  pi.  41. 

t  Medals  of  Creation,  vol.  ii.  p.  554. 

{  In  a  little  anonymous  work,  entitled  '*  Our  Goal  and  Our  Coal-pits," 
pablished  in  1853  (Longman),  the  reader  will  find  a  vast  deal  of  good  Uif 
formation  about  coal-seams  and  coal-pits,  such  as  certainly  has  not  been 
biougiit  together  in  any  other  work,  but  which  is  of  interest  and  y»lue 
both  to  the  geological  and  the  general  student. 

I  The  various  Memoirs  on  the  British  Coal-fields  in  the  Geological 
Society's  Transactions  and  Journal,  in  the  Reports  of  the  British  Associ' 
atioQ.  and  in  the  Transactions  of  the  Northumberland,  Manchester,  and 
other  Societies,  by  some  of  our  most  eminent  obserrers ;  and  in  th9 
works  of  Lindley  and  Button,  Holmes,  Mammatt,  Mushet,  D.  Milne, 
Hibbert,  Bakewell*  Conybeare,  Ansted,  Phillips,  LyelU  De  la  Beche, 
Bockland,  Murchison,  tnd  others,  will  afford  those  who  wish  to  pursue 
the  inquiry,  information  of  the  most  important  and  interesting  nature. 
The  Coal-fields  of  IreUnd  have  been  described  by  Weaver,  Grifiith,  and 
Portloek.  "The  Annales  des  Mines"  and  "Bulletin  Soc  G6ol.  France" 
are  rich  with  notices  of  the  Belgian  and  French  coals ;  and  Godwin-Aus- 
ten and  Sharp*  have  also  treated  of  the  Boulonnais  and  Belgian  Coal- 
fields in  the  GeoL  Soc^  Journal,  to  the  12th  vol  of  which  MM.  Pe- 
gottste  and  Laurent  have  contributed  a  valuable  notice  p{  the  Valenciiwies 
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We  have  seen  that  the  strata  constituting  a  coal-field  are 
alternating  layers  of  coal,  clay,  shale,  and  sand,  of  variable 
thickness,  usually  based  either  on  grit,  or  on  limestone 
abounding  in  marine  shells  and  corals.  Now,  a  very  remark- 
able fact  is  the  nearly  uniform  presence  of  an  often  thick  bed 
of  earthy  clay  beneath  every  layer  of  coal,  and  a  stratum  of 
slaty  clay  or  shale  above  it ;  together  forming  a  triple  series, 
presenting  the  following  characters : — 

(1.)  Lowermost ; — a  stratum  of  clay,  called,  from  its  position,  the 
Under-elay  ;  a  tough  argillaceous  substance,  which  upon  drying  becomes 
a  grey  friable  earth.  Occasionally  this  clay  is  of  a  black  colour  from  the 
presence  of  carbonaceous  matter.  This  bed  almost  invariably  contains 
an  abundance  of  the  fossil  vegetables  termed  Stiffmari4B,^  which  are  root- 
like bodies,  generally  of  considerable  length,  and  have  rootlets  or  fibres 
attached,  which  extend  in  every  direction  through  the  clay.  These  great 
roots  commonly  lie  parallel  with  the  planes  of  the  stratum,  and  nearer  to 
the  top  than  to  the  bottom. 

(2.)  Coal,  A  carbonized  mass,  in  which  both  the  external  forms  and 
internal  structure  of  the  plants  and  trees  composing  it  are  almost  entirely 

Coal-basin.  Naumann,  Hoffmann,  Sternberg,  Villefosse,  Roemer,  Dechen, 
Herzog,  Gutbier,  Freiesleben,  Leonhard,  Cotta,  Geinitz,  Goeppert,  and 
Beinert  are  chief  among  those  who  have  treated  of  the  Coal-fields  of  Ger- 
many. The  coal  of  Russia  is  described  in  full  by  De  Vemeuil,  Keyser- 
ling,  and  Murchison, 

A  long  series  of  papers  having  reference  to  the  Coal-fields  of  New 
Brunswick  and  Nova  Scotia,  published  in  the  Proceedings  and  Quarterly 
Journal  of  the  Geological  Society,  are  enumerated  in  an  appendix  to  Mr. 
Dawson's  very  instructive  account  of  the  Jogrgins  Goal-measures  in  the 
lOth  vol.  of  the  Geol.  Society's  Journal  (p.  41).  The  "  Acadian  Ge- 
ology,*' by  the  same  author,  is  also  an  important  work  in  the  literature  of 
the  coal.  Mr.  W.  R.  Johnson's  '*  Report  on  American  Coals,"  1844,  and 
especially  the  late  R.  C.  Taylor's  valuable  "  Sutistics  of  Coal,"  should 
be  consulted  by  the  student,  where  abundant  references  to  books  and 
papers  treating  of  British,  European,  American,  African,  Asiatic,  and 
Australian  coals  will  be  found. 

*  See  the  description  of  coal-plants  further  on ;  also  Medals  of  Crea- 
tion, p.  133;  Pict.  Atla9,  Org.  Rem.  pi.  3,^.  1,  and  plates  21—23; 
and  the  Supplementary  Note^t,  Pict.  Atlas,  p.  198. 
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oblitentod,  thouf^  traces  of  woody  tissue  are  obserrable.    Large  trunks, 
stems,  and  leaves  are  rarely  distinguishable  in  it. 

(3.)  The  Roof,  or  upper  bed.  This  generally  consists  of  slaty  clay, 
abounding  in  trunks,  branches,  leaves,  and  fruits ;  it  also  includes  layers 
and  nodules  of  iron-stone,  enclosing  leaves,  insects,  crustaceans,  &c.  In 
sooie  localities  argillaceous  or  calcareous  beds  of  fresh-water  shells,  and 
in  others  of  marine  shells,  are  intercalated ;  and  layers  of  shale,  finely 
laminatfd  clay,  micaceous  sand  and  grit,  and  pebbles  of  limestone,  granite, 
sand-stone,  and  other  rocks  oAen  occur.  Pebbles  of  iron-stone,  and  even 
of  coal,  derived  from  the  destruction  of  older  iron-stones  and  coal-beds, 
baTe  been  found  in  coal-seams.  Some  of  the  most  illustrative  speci- 
mens of  the  leaves,  fruits,  &c.  of  the  carboniferous  flora  are  found  in 
these  shales  and  sandy  beds,  which  appear  to  have  been  the  accumula- 
tums  of  water-worn  detritus  of  other  rocks,  promiscuously  intermingled 
with  the  dense  foliage  and  stems  of  prostrate  forests ;  the  whole  having 
been  drifted  from  a  distance  by  strong  currents  or  floods,  proving  that 
oonsiderable  time  elapsed  during  the  formation  of  these  coal-measures, — 
sufficient  indeed  for  the  consolidation  and  denudation  (and  possibly  up- 
heaval also)  of  one  set  of  deposits  before  the  later  beds  were  formed.* 
The  evidences  of  the  partial  removal  of  coal-seams,  shales,  and  sand-beds, 
in  the  coal-measures,  point  also  to  the  length  and  many  changes  in  the 
ooal-era.t 

7.  Mods  of  defositiok  of  the  Coal. — Thus  we  find, 
in  the  first  place,  spread  imifonnlj  over  the  bottom,  and 
constituting  the  foundation  on  which  the  coal  reposes,  a 
stratum  of  fine  clay  (under-claj),  sometimes  several  feet 
thick,  which  possibly  may  have  once  constituted  the  soil  of 
vast  plains  or  savannahs.  Almost  the  only  fossil  reqiains 
found  in  it,  except  in  a  few  localities,  are  the  roots  of  the 
large  trees  of  which  the  coal  is  in  a  great  measure  composed ; 
for  such  the  common  Stigmaria  now  prove  to  be,  and  not 
floating  aquatic  plants,  as  was  formerly  supposed.  The  in- 
▼ariable  occurrence  of  the  fossil  roots,  termed  StigmaruBj  in 
the  under-clay,  and  their  rarity  in  the  coal  and  shale,  was 
noticed  by  IkLulin  {Fetrif,  Derhienna),  Steinhauer,  Maccul- 

*  See  De  la  Beche's  Geol.  Observ.  2nd  edit.  p.  511. 
t  Ibid.  p.  514 ;  and  Quart.  Joum.  Geol.  Soc.  vol.  vi.  p.  124 ;  vol.  vii. 
p.  246;  and  vol.  x.  p.  12.    Rep.  Brit.  Assoc.  1838,  Sect.  p.  79. 
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loch,  and  other  obserren :  but  the  importance  of  this  fact  i 
not  duly  appreciated  until  Logan  drew  attention  to  it.  In  the 
Welsh  coal-fleld,  in  a  depth  of  twelve  thousand  feet,  there 
are  sixty  beds  of  coal,  each  Ijring  on  a  stratum  of  clay  abound- 
ing in  StigmariiB.  In  the  Appalachian  coal-field  of  the 
United  States,  and  in  the  well-exposed  coast-sections  of  the 
Coal-formation  in  Nova-Sco^a,  the  same  phenomenon  ap- 
pears. 

Upon  this  under-clay  is  a  bituminous  mass  of  indistin- 
guishable plant-remains  (Coal).  Occasionally  stems  of  trees 
are  found  passing  vertically  through  or  lying  in  the  coal-bed. 

In  the  third  place,  we  have  a  deposit  of  drifted  materials 
promiscuously  intermingled  with  the  foliage  and  stems  of 
numerous  kinds  of  terrestrial  plants  (Boof) ;  the  whole 
often  appearing  to  have  been  subjected  to  the  mechanical 
action  of  water,  both  in  its  origin,  and  sometimes  after  its 
first  deposition  as  a  sand  or  mud-bed. 

These  facts  seem  to  indicate  that  a  bed  of  coal  of  this 
kind  may  have  been  either  a  submerged  forest  or  a  swampy 
jungle.  The  under-elay  was  the  natural  soil  in  which  the 
Stigmariffi,  the  roots  of  the  trees  (Sigillanie)  forming  the 
coal  above,  originally  grew ;  the  coal^  the  carbonized  stems 
and  foliage  of  the  trees  to  which  the  roots  belonged ;  and 
the  upper  stratum,  or  roof^  may  have  either  resulted  from  de- 
tritus transported  from  a  distance  by  a  debacle  or  flood, 
which  overwhelmed  and  buried  the  foliage  and  stems  of  the 
prostrate  forest,  or  may  have  been  swept  over  it  more  or  less 
rapidly  by  the  encroaching  tides  on  a  low  and  sinking  well- 
forested  coast-line. 

These  phenomena  may  (litis  be  explained  by  aapposfaig  that  a  plaiB« 
densely  clothed  with  vegetation,  was  inundated  by  an  irruption  of  tlia 
eea ;  or  oTerwhelmed  by  a  flood  of  water  from  an  inland  lake,  occasioned 
by  the  sudden  remoral  of  some  barrier ;  or  by  the  slow  subsidence  of  the 
tract  of  country  on  which  the  forest  or  jungle  grew.  But  when  we  find 
an  uninterrupted  teriei^  in  which  triple  deposits  of  this  Jund  are  repealed 
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thirty  or  forty  times,  and  through  a  thicknesa  of  several  thousand  feet, 
this  aolntion  of  the  problem,  though  very  plausible,  is  not  without  its 
difficulties.  Not  only  subsidence  after  subsidence  must  have  taken  place, 
bat  the  first  submergence  have  been  followed  either  by  an  elevation  of 
the  Und,  or  a  very  gradual  reconstitution  of  a  sub-aerial  surface ;  and  then 
aoother  soil  capable  of  affording  support  to  a  second  forest  must  have 
b«>eQ  produced,  and  another  generation  of  vegetables,  of  the  same  species 
as  tbe  former,  have  sprung  up,  and  arrived  at  maturity :  and  again  an- 
other subsidence,  followed  by  an  accumulation  of  drifu  And  these 
periodical  oscillations  in  the  relative  level  of  jthe  land  and  water,  and  suc- 
cessive reproductions  of  vegetable  soil  and  of  forests,  must  have  gone  on 
miintemiptedly  through  an  incalculably  long  period  of  time ;  not  in  one 
district  or  country  only,  but  in  various  parts  of  the  world,  during  the 
same  geological  epoch. 

Some  seams  of  coal  attain  an  enormous  thickness.  In  England,  the 
thickest  bed  of  coal,  amounting  to  thirty  feet,  is  in  the  Dudley  basin.  In 
the  Great  Exhibition  of  1851,  there  was  exhibited  a  fine  section  of  the 
lowermost  bed  of  coal  (known  as  tbe  "Thick  Coal"*),  from  Tividale 
colliery  in  South  Staffordshire,  the  total  thickness  of  which  was  29  feet ; 
with  no  intermixture  of  sediment  except  some  shaly  partings,  a  few  inches 
thick.  A  shed  was  erected  for  its  extdbition  on  the  outside  of  the  west- 
esd  of  the  Crystal  Palace ;  beside  it  were  placed  some  large  stems  of 
Sigillarie. 

"  It  is  not,  however,  to  be  supposed,"  says  Prof.  Phillips, f  '*that  this 
cDonnonsly  thick  seam  is  a  single  bed  of  coal ;  it  is,  in  fact,  composed  of 
thirteen  different  beds  locally  accumulated  together,  with  certain  partings, 
which  in  other  places  swell  out  into  considerable  thicknesses  of  shale. 
Thus  the  upper  part  of  the  '  ten-yard  coal '  separates  from  the  rest  of  the 
beds,  and  under  the  title  of  the  'flying  reed/  becomes  a  totally  distinct 
bed  in  the  northern  part  of  the  coal-tract."  { 

*  See  Jukes's  Memoir  on  the  South  Staffordshire  Coal-field  (Geol. 
Snrv.  Records),  1853,  p.  173, 184,  &c.  This  careful  and  well-illustrated 
description  of  a  typical  ooal-fteld  contains  not  only  the  good  practical 
information  to  be  expected  from  the  labours  of  so  sound  a  geologist  as  Mr. 
Jukes,  but  also  many  valuable  theoretical  suggestions  on  the  origin  of 
coal  and  the  physical  characters  of  the  old  carboniferous  area. 

t  Manual  Oeol.  p.  193. 

X  Humboldt  refers'  also  to  some  very  thick  coal-seams  in  Scotland 
and  Burgundy,  Cotmot^  vol.  i.  p.  284.  For  Mr.  Bowman's  views  of  the 
probable  circumstances  under  which  separate  coal-seams  run  into  each 
other,  see  Lyell's  **  Manual,"  p.  33U. 
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Mr.  Dawson  describes  the  *'Main-co«l  Seam"  of  the  Albion  Mines 
(New  Brunswick),  a  specimen  of  which  was  extracted  by  Mr.  H.  I'oole 
for  the  New  York  Exhibition,  1853,  as  being  38  feet  6  inches  thick,  of 
which  only  2  ft.  4}  in.  consbted  of  the  **  roof-shale,"  intercalated  carbona- 
ceous shale  and  ironstone,  and  '*  under-clay.  "  * 

In  some  districts  (as  in  the  coal-beds  of  the  Mountain-limestone  of 
Southern  Russia  and  of  the  North  of  England)  the  Tegetables  of  which 
the  coal  is  formed  apparently  consist  of  broken  and  drifted  plants,  carried 
into  the  sea  by  inundations  and  freshets  of  htcts  ;  in  this  case,  the  layers 
of  clunch  or  finely  levigated  shale  which  support  the  coal-seams  may 
haTe  originated  from  the  earthy  debris  brought  down  by  the  floating 
masses  of  terrestrial  plants,  f^ 

8.  The  Geeat  Dismal  Swamp  op  Vihoikia.  —  The 
formation  of  the  coal-measures  from  terrestrial  trees  and 
plants,  not  drifted,  bat  growing  on  the  areas  now  occupied 
bj  the  coal,  is  strongly  advocated  bj  Sir  C.  Lyell :  and  the 
following  notes  from  the  observations  of  this  profound  geo- 
logist, on  the  "  Oreat  Dismal  Stcamp**  of  Virginia,  in  North 
Carolina,  afford  an  interesting  iUustration  of  this  hypothesis. 

The  "  Great  Dismal,"  is  a  morass  forty  miles  long,  and  twenty-five 
miles  in  its  greatest  width,  and  has  the  appearance  of  a  broad  inundated 
river-plain,  covered  with  all  kinds  of  aquatic  trees  and  shrubs,  the  soil 
being  aa  black  as  in  a  peat-bog.  It  is  one  enormous  quagmire,  soft 
and  muddy,  except  where  the  sur&oe  is  rendered  partially  firm  by  a 

*  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  47. 

t  Sir  R.  I.  Murchison. — The  following  remarks  of  an  eminent  French 
geologist,  Constant  Provost,  are  especially  worthy  of  attention  in  relation 
to  this  subject : — "  On  n*a  pas  asses  r^fl^hi  lorsque  Ton  a  dit  qfie  lea 
formations  fluvio-marines  n'^taient  que  des  accidents  locaux  d 'embou- 
chure et  de  golfe ;  on  pourrait  presque  avancer,  sans  paradoxe,  que  dans 
oertaines  mers  bord^es  de  vastea  continents,  les  eaux  donees  affluentea 
produisent  plus  dans  la  mer,  que  lea  eaux  marines  elles-mdmes.  Le  Mis- 
sissipi  et  ses  t^ibutaires  enl^vent  au  continent  qu'ils  traversent  plus  de 
matieres  sMimentaires  et  de  corps  organist,  pour  les  porter  dans  la  mer, 
que  les  vagues  de  celles-ci  n'en  prennent  sur  tout  le  pourtour  des  deux 
Am^riques ;  et  Ton  sait,  par  de  joumaliers  exemples,  que  des  v^g^taux 
apport^  par  ce  fleuve,  des  rives  du  Missouri  dans  le  golfe  du  Mexique, 
vont  atterrir  sur  les  c6t^  d'Islande,  et  m^me  du  Spitxberg."— De  la 
Chronolopie  det  Ttrraina  et  du  Synehroniame  du  Formation^,     1845. 
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eovering  of  TegeUbles  and  their  matted  roots ;  and  is  actually  higher 
than  nearly  all  the  firm  and  dry  land  which  encompasses  it ;  and,  to 
msJce  the  anomaly  complete,  in  spite  of  its  semi-flaid  character,  it  is 
higher  in  the  interior  than  towards  the  margin.  The  soil  of  the  swamp 
is  formed  of  regetable  matter,  usually  without  any  admixture  of  earthy 
particles.  We  have  here,  in  fact,  a  deposit  of  peat  from  ten  to  fifteen 
feet  in  thickness,  in  a  latitude  where,  owing  to  the  heat  of  the  sun  and 
length  of  the  summer,  no  peat-mosses  like  those  of  Europe  would  be 
looked  for  under  ordinary  circumstances.  The  juniper  trees,  or  white 
cedars  {Ctqfreuua  thuyoidet),  stand  firmly  in  the  soflest  part  of  the  quag- 
mire, supported  by  their  long  tap-roots,  and  afibrd,  with  many  other 
erergreens,  a  dark  shade,  under  which  a  multitude  of  ferns,  reeds,  and 
shrubs,  from  nine  to  eighteen  feet  high,  and  a  thick  carpet  of  mosses, 
spring  up,  and  are  protected  from  the  rays  of  the  suu.  Where  these  are 
most  powerful,  the  large  cedar  {Cupreuua  ditticha  or  Taxodium  dis. 
tiehtan)  and  many  other  deciduous  trees  are  in  full  leaf.  The  black 
soil  formed  beneath  this  shade,  to  which  the  mosses  and  leaTes  make 
annual  additions,  is  a  soft  black  mud,  without  any  traces  of  organization. 
Numerous  trunks  of  large  and  tall  trees  lie  buried  in  the  black  mire  of 
the  morass.  In  the  midat  of  the  swamp  there  is  a  lake  of  an  oval  form, 
seren  miles  long,  fire  wide,  and  the  depth,  where  greatest,  fifteen  feet ; 
its  bottom  consists  of  mud  like  the  swamp,  but  which  in  some  places  is 
covered  by  a  pure  white  sand,  a  foot  deep.  This  sheet  of  water  is  usually 
even  with  the  banks,  on  which  a  tall  and  thick  forest  grows. 

The  phenomena  above  described  help  us  greatly  to  conceive  the  man- 
ner in  which  the  coal  of  the  ancient  carboniferous  rocks  may  have  been 
formed.  The  heat,  perhaps,  may  not  have  been  excessive  when  the 
ooal-measure  originated,  but  the  entire  absence  of  frost,  with  a  warm 
and  damp  atmosphere,  may  have  enabled  tropical  forms  to  flourish  in 
latitudes  far  distant  from  the  line.  The  frequent  submergence  of  masses 
of  vegetable  matter  like  the  morass,  beneath  seas  or  estuaries,  as  often 
as  the  land  sank  down  during  subterranean  movements,  may  have  given 
rise  to  depositions  of  strata  of  mud,  sand,  or  limestone,  immediately  upon 
the  vegetable  matter.  The  conversion  of  successive  surfaces  into  dry 
land,  on  which  other  swamps  supporting  trees  were  formed,  might  give 
origin  to  a  continued  series  of  coal-measures,  of  great  thickness.* 

The  aboTe  is  a  concise  exposition  of  this  theory  by  one  of 
its  ablest  advocates,  and  is  therefore  deserving  every  con- 
sideration ;  and  the  more  so,  since  the  same  philosophical 

*  Travels  in  North  America,  vol.  i.  chap,  vii. 
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observer  has  brought  forward  a  plausible  explanation  of  t 
perplexing  enigma  presented  bj  the  purity  of  the  coal  its 
from  sandj  and  earthy  particles,  and  by  the  comparativd 
great  thickness  of  many  coal-seams.     He  adduces  as  iiluj 
trative  of  the  probable  origin  of  such  coal-beds,  the  < 
ing  conditions  of  the  '*  Sunk  Country/*  in  the  valley  of  1 
Mississippi,  and  other  of  the  great  *'  cypress-swamps  "  of  tb 
region,  where  great  areas  of  rapidly  accumulating  vegetab 
matter  are  protected  by  thick  marginal  belts  of  reeds 
brushwood,  which  effectually  resist  the  introduction  of 
of  the  detrital  matter  suspended  in  the  waters  of  the  anna 
inundations.* 

9.  Upright  Trsss  ik  the  Coal-measitres. — The 
currence  of  trees  in  an  upright  position,  in  some  instanc 
with  their  roots  attached,  and  extending  into  the  under-clav,! 
is  regarded  as  another  unequivocal  proof  of  the  formation  of  i 
coal  from  vegetables  growing  on  the  spot. 

Several  instances  of  this  kind  have  been  obsexred  in  Eng]and.  One  of 
tbe  most  remarkable  was  brought  to  light  (from  1837  to  1846),  in  the  ex- 
cavations for  the  Bolton  and  Manchester  Railway,  near  Dizonfold,  where 
fire  large  stems  {Stgillarite)  were  found  erect,  with  their  roots  extending 
into  a  layer  of  impure  clay  below,  in  which  were  found  many  specimens 
of  the  fossil  cones  known  as  Lepidagtrobi.-f  They  stood  on  the  same 
plane,  and  near  to  each  other.  The  trunks  were  surrounded  and  filled 
by  a  soft  blue  shale,  the  carbonized  bark  (or,  rather,  the  thin  outer 
cylinder  of  woody  tissue)  being  all  that  remained  of  the  original  structure. 
The  stems  are  gnarled  and  knotted,  and  hare  decorticated  prominences, 
like  those  in  barked  trunks  of  our  old  dicotyledonous  trees.  All  these 
trunks  appear  to  have  been  broken  off  by  riolence  at  a  height  of  four  or 

*  Manual  of  Geology,  5th  edit.  p.  385.  The  subject  of  the  origin 
of  coal-beds,  both  on  the  hypothesis  of  the  accumulation  of  plants  grow- 
ing in  place,  and  on  that  of  the  drifting  of  masses  of  plants,  is  ably  treated 
in  De  la  Heche's  "Geological  Observer,"  and  in  Phillips'  "Manual  of 
Geology."  See  also  Williamson's  Remarks,  Rep.  Brit.  Assoc  1842, 
Sect  p.  48. 

t  MedaU,  p.  141. 
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)laasi4l  ^^  above  Um  roots,  ind  no  traces  of  the  upper  part  of  the  stems  or 
f  ii^  V Inches  were  detected.  • 

llr.  Bioney  hss  described  a  very  interesting  specimen  of  a  rooted  stump 
^  ^  SigilUria  met  with  in  a  colliery  at  Dunkinfield,  about  seren  miles 
^"^*|lofManchester.t 

"^  i'ln  constructing  the  railway-tunnel  at  Clay-cross,  a  few  miles  south  of 
raiklMterfield,  through  the  middle  portion  of  the  Derbyshire  coal-measures, 
]1838,  a  group  of  nearly  forty  trees  (S^i/Zorus)  was  discovered.  These 
at  right  angles  to  the  planes  of  stratiflcation,  and  not  more  than 
i  or  four  feet  apart  { 

1  the  Derwent  Mines,  Durham,  at  the  depth  of  fifty-fire  fathoms,  among 
^'"^  ^erons  examples  which  were  lying  in  horizontal  layers,  were  several  in 
iicii  erect  position.  Two  stems  of  Sigillarie,  situated  in  the  space  cleared 
ftt  to  get  at  the  lead-ore,  stood  upright,  having  their  roots  firmly  im- 
^  kcted  in  a  bed  of  bituminous  shale ;  they  were  five  feet  high,  and  two 
'^'  fe  diameter.) 

^ '-   In  the  Newcastle  coal-field,  a  stratum  of  sandstone  occurs  150  yards 
e:-lelow  the  surface,  in  which  were  observed  many  erect  stems  of  trees, 
r  from  two  to  eight  feet  in  circumference,  having  their  roots  in  a  thin 
liyer  of  ooal.$ 

On  the  coast  of  Northumberland,  within  the  length  of  half  a  mile» 
.  twenty  upri^t  trees  were  observed  in  1816,  by  Mr.  Trevelyan;^  and 
similar  fossils  were  noticed  many  miles  distant  from  this  spot,  in  the 
same  coal-field,  as  if  they  were  a  continuation  of  a  submerged  forest, 
the  trees  of  which  had  maintained  their  erect  position,  like  those  of  the 
Isle  of  Portland  (p.  399).  Examples  of  isolated  upright  trunks,  with  more 
or  less  of  the  roots  attached,  are  not  uncommon. 

In  Glamorganshire  De  la  Beche  and  Logan  observed  a  fine  group  of 
upright  Sigillarise.** 

•  Medals,  p.  125  ^  Geol.  Transact.  2  ser.  vol.  vi.  p.  173,  pi.  17;  and 
Geol.  Proceed,  vol.  iii.  p.  139  and  269.  Owing  to  the  scientific  zeal  of 
Mr.  Hawkshaw,  F.G.S..  who  originally  described  these  interesting  relics, 
of  a  palsozoic  forest,  they  have  been  carefully  preserved  in  their  natural 
position.  See  also  Trans.  Manchester  Geol.  Soc  vol.  i.  p.  112. 

f  Geol.  Joum.  vol.  ii  p.  390. 

X  Geol.  Proc.  vol.  iii,  p.  272. 

II  Obserrations  on  Fossil  Vegetables,  by  Henry  Witham,  4to ;  Edin- 
burgh, lail,  p.  5.  i  Ihid.  p.  7. 

Y  Buckland  Bridg.  Treat  p.  470. 
••  Mem.  Geol.  Survey,  vol.  i.  p.  183. 
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10.  Upbioht  Trees  at  WoLVEBHABiproK  abd  St. 
Etieitnb. — The  following  examples  may  also  be  adduced. 

In  a  colliery  near  Wolverhampton  the  bottom  coal  rises  to  riew,  and 
where  the  surface  has  been  cleared  of  the  alluvial  covering,  it  presents 
"  the  appearance  of  a  moor  on  which  a  full-grown  fir- wood  had  been  cut 
down  a  few  months  before,  and  only  the  stumps  left  behind.  Stump  rises 
beside  stump,  to  the  number  of  seventy-three  in  all :  the  thickly  diverging 
roots  strike  out  on  every  side  into  what  had  been  once  vegetable  mould, 
but  which  now  exists  as  an  indurated  brownish-coloured  shale.  Many 
trunks,  sorely  flattened,  lie  recumbent  on  the  coal,  some  of  them  full 
thirty  feet  in  length,  while  some  of  the  larger  stumps  measure  rather 
more  than  two  feet  in  diameter.  There  lie  thick  around  StigmariDe, 
Lepidodendra,  Calamites,  and  fragments  of  Ulodendra ;  and  yet,  with  all 
the  assistance  which  these  lent,  the  seam  of  coal  formed  by  this  ancient 

forest  does  not  exceed  five  inches  in  thickness Not  a  few  of 

the  stumps  in  this  area  are  evidently  water-worn The  prostrate 

forest  had  been  submerged,  and  mollusks  lired  and  fishes  swam  over  it." 
This  upper  forest  is  underlaid  by  a  second,  and  even  a  third ;  we  find 
three  full-grown  forests  closely  packed  up  in  a  depth  of  not  more  than 
twelve  feet.* 

A  coal-pit  at  Treuille,  near  St.  Etienne,  Department  of  the  Loire,  in 
France,  described  by  M.  Alexandre  Brongniart,  contains  many  stems  of 
Calamites  and  other  trees  in  an  erect  position  ;  and  this  fact  is  generally 
considered  as  an  indisputable  proof  that  the  coal  was  produced  by  the 
submergence  of  a  forest  that  once  grew  on  the  spot :  but  as  many  of  these 
stems  are  inclined  at  various  angles,  and  their  roots  implanted  in  dif- 
ferent beds,  the  perpendicularity  of  the  upright  trees  is  possibly  acci- 
dental. This  mine  is  most  favourable  for  observation,  for  it  is  in  the . 
open  air,  and  exposes  to  view  a  natural  section  of  the  strata  of  clay,  shale, 
and  coal,  with  four  layers  of  compact  iron-ore,  in  flattened  nodules, 
which  are  accompanied,  and  even  penetrated,  by  vegetable  remains.  The 
upper  ten  feet  of  the  quarry  consist  of  micaceous  sandstone,  which  is  in 
some  instances  stratified,  and  in  others  possesses  a  slaty  structure.  In  this 
bed  are  numerous  vertical  stems  traversing  all  the  strata,  and  appearing 
like  a  forest  of  plants  resembling  the  Bamboo  or  large  Equiseia,  turned 
into  stone,  in  the  pUce  on  which  it  grew.    The  stems  are  of  two  kinds : 

*  First  Impressions  of  England  and  its  People,  by  Hugh  Miller,  p.  223 
(Edit.  1857,  p.  202).  This  fossil  forest  is  described  and  illustrated  by 
Messrs.  U.  Beckett  and  W.  Ick,  in  the  Geol.  Soc.  Joum.  vol.  i.  p.  41. 
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the  one  long  and  slenderi  from  one  to  four  inches  in  diameter,  and  nine 
or  ten  feet  high,  being  aimply  jointed  and  striated  solid  cylinders  of 
sandstone,  with  a  thin  coaly  bark ;  the  other  and  less  common  species 
are  hollow  cylindrical  stems,  spreading  out  from  the  base  like  a  root,  but 
without  ramifications.* 

11.  TJpBioHT  Trees  iir  the  Coal-Measures  of  Nova 
ScoTLA  AKB  Cape  Brstok. — Numerous  erect  trees  in  the 
Cape  Breton  coal-measures  bave  been  observed  and  described 
by  Mr.  B.  Brown,t  many  them  having  their  roots  and  rootlets 
still  attached.  And,  though  it  is  unnecessary  to  multiply  ex- 
amples of  the  occurrence  of  trees  in  an  upright  position  in  the 
carboniferous  deposits,  this  phenomenon  is' so  strikingly  dis- 
played in  the  coal-measures  of  Nova  Scotia,  and  has  been  so 
well  described  by  Logan,  Dawson,  and  Lyell,  that  I  cannot 
omit  a  short  account  of  the  erect  stems  in  the  cliffs  of  the 
Bay  of  Fundy  :— 

In  the  coal-measures  on  the  southern  shores  of  a  branch  of  the  Bay, 
there  are  ten  successiTe  stages  of  erect  trunks  of  trees,  placed  at  right 
angles  to  the  planes  of  stratification,  through  a  thickness  of  strata  of 
2500  feet ;  the  entire  series  of  deposits  is  estimated  to  be  five  miles  in 
thickness.  The  strata  are  inclined  at  an  angle  of  between  25<>  and  d09. 
The  trunks  of  the  trees  are  often  mere  hollow  cylinders,  consisting  of 
the  bark  in  the  state  of  pure  coal,  and  filled  with  sand  and  clay,  con- 
taining leaves  of  ferns  and  other  plants,  and  in  one  instance  the  bones 
of  a  small  reptile  and  the  shell  of  a  land-snail.^  A  trunk,  fourteen  inches 
in  dinmeter,  had  a  coating  of  bark  a  quarter  of  an  inch  thick.  Beds  of 
bituminous  shale  and  clay  with  Stigmarie,  ten  feet  thick,  are  described 
as  oTerlying  one  series  of  upright  trees,  and  upon  these  was  another  bed 
of  ooal,  one  foot  thick,  that  supported  two  trees,  each  eleven  feet  high, 
and  sixty  yards  apart,  f 

*  Notice  sur  des  V6g6taux  Fossils  tniTersant  les  couches  du  Terrain 
Houiller,  par  M.  Alex.  Brongniart,  Paris,  1821.  See  also  De  U  Beche's 
''Geological  Memoirs,"  1824,  for  a  translation  of  M.  Beaunier's  descrip- 
tion of  the  coal-district  of  St.  Etienne,  with  a  drawing  of  the  quarry  aiid 
upri^t  stems. 

t  Geo].  Soc.  Proceed.  toI.  iv.  p.  176;  Joum.  vol.  iL  p.  393;  vol.  iv. 
p.  46 ;  and  vol.  v.  p.  354.  }  Joum.  Geol.  Soc.  vol.  ix.  p.  58. 

^  See  the  Section  of  the  ClifTs  of  the  South  Joggins,  near  Minudie, 
KoTS  Scotia;  Travels  in  North  America,  vol.  ii.  p.  180,  fig.  21. 
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Ill  Ae  Jofgins  seetUm  many  of  the  erect  tieet  ^^ar  wiiHont  yqoU; 
which  ctfcmnatoBce  ie  explained  hy  Mr.  Devsoo,  let,  hy  the  £ici  that 
in  the  c  j[poaed  diff  the  inder«clay%  wiUi  the  roots,  weather  away,  leevin^ 
the  atmnpe  still  8it|iported  hy  the  overlying  and  harder  landatone ;  and 
2ndly,  by  the  supposition  that  often  the  roots  have  been  incorporated  with 
the  coal-seams.*  These  tiunka  often  resemble  those  found  erect  at 
Oizonlbld,  in  England ;  but  some  are  decidedly  SigiUarim,  A  few  of 
the  upright  trees  appear  to  be  true  Coniferm, 

At  Pictou,  a  hundred  miles  to  the  eastward  of  the  Minudie  coal-mea- 
turcs,  the  same  grou^  of  depoeita  occws,  and  yielda  a  large  supply  of 
coal.  In  this  locally  there  ia  a  row  of  upright  OUamUe$t.  in  sandstone^ 
all  terminating  downwards  at  the  same  level,  where  the  sandstone  joins  a 
layer  of  coarse  grey  limestone  with  pebbles.  The  tops  of  the  Calamiies 
terminate  at  different  heights,  where  the  grit  becomes  coarser ;  and  hare 
■  not  been  removed  by  decay,  but  have  evidently  been  broken  sharply  o% 
sometimes  presenting  at  the  summil  a  crushed  appearance,  like  that  of  a 
hollow  cylinder  of  paper  bent  at  right  angles*  The  bed  of  erect  Calamitea 
at  St.  Etieime  (p.  688)  is  regarded  by  Sir  C.  Lyeil  as  analogous ;  and  he 
considers  both  localities  as  affording  unequivocal  proof  of  fossO  trees  oc- 
cupying the  ground  on  whidi  they  originally  grew.f  Sir  C.  Lyell  has 
also  described  a  good  example  of  numerous  upright  and  rooted  fossil  trees 
[SigiUaruB)  as  occurring  in  the  coal-measures  of  Indiana,  at  Kimball's 
Mill,  near  Evansville.{ 

To  account  for  the  Beveral  aeriea  of  these  erect  trees  at 
saccessive  stages  on  the  supposition  that  the  trunks  are  now 
standing  in  their  original  position,  we  must  suppose  period- 
ical suhsidences  of  the  land  to  have  taken  place.  *  It  by 
no  means  follows,"  observes  Sir  C.  Lyell* "  that  a  sea  four 
or  five  nules  deepwaa  filled  up  with  sand  and  sediment.  On 
the  contrary,  repeated  subsidences,  such  as  are  required  to 
explain  the  successive  submergence  of  so  many  forests  which 
grew  one  above  the  oth^,  may  have  enabled  this  enormous 
accumulation  of  strata  to  have  takes  place  in  a  sea  of  mode- 
rate depth.'*  § 

•  Quart.  Jonm.  Geol.  Soc.  vol.  x.  p.  30. 

f  Travels  in  North  America,  vol.  ii.  p.  195 ;:  Dawson,  QuMrt.  Jonm. 
OeoL.  Soc.  vol.  vii.  p.  195 ;  and  "  Acadian  Geology/'  Svo,  1815. 
t  Second  Visit  to  the  United  SUtes,  vol.  ii.  p.  272. 
{  Travels  in  North  America,  voL  iu  p.  190. 
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12.  Ck>Ai.-8HALS8  AKD  YieiTABLX  BxiffA.nr8.  —  I  hwe 
alrmdj  stated  that  it  is  from  the  shales,  or  slatj  coal  of  the 
roof,  that  the  most  abundant  and  illustratiYe  examples  of 
the  plants  of  the  carboniferous  epoch  are  obtained ;  in  many 
layers,  vegetable  remains  occur  between  every  lamina,  the 
entire  mass  being  formed  of  carbonized  leaves  and  stems, 
dosely  pressed  together  in  clay.*  The  carbonaceous  matter 
is  sometimes  in  an  unconsolidated  state,  exhibiting  the  mat- 
ted fibres,  leaves,  and  stems.  This  condition,  indicating  an 
intermediate  stage  in  the  formation  of  coal,  is  not  of  unfre- 
quent  occurrence  in  the  secondary  and  tertiary  carbonaceous 
deposits^  but  is  rare  in  the  most  ancient-f 

Tbe  roof  of  a  coal-mine,  when  newly  expoted,  displays  the  most  inter- 
esting spectacle  imaginable ;  leaves,  branches,  and  stems,  of  the  most 
elegant  and  delicate  forms,  being  embossed  on  the  dark  shining  surface.^ 
Tbe  coal-mines  of  Bohemia,  the  fossil  plants  of  which  are  well  known, 
from  the  beautiful  work  of  Count  Sternberg,}  are  stated  by  Dr.  Buck- 
land  to  be  the  most  interesting  of  any  he  has  visited,— but  1  will  describe 
them  in  his  own  eloqneot  language.  '*  The  most  elaborate  imiutions  of 
hving  foliage  upon  the  painted  ceilings  of  Italian  palaces  bear  no  com- 
parison with  the  beauteous  profusion  of  extinct  vegetable  forms,  with 
which  the  galleries  of  these  instructive  coal-mines  are  overhung.  Tbe 
loof  is  covered  as  with  a  canopy  of  gorgeous  tapestry,  enriched  wirh  fes- 
toons of  the  most  graceful  foliage,  fiung  in  wild  inregular  profusion,  over 
every  portion  of  its  surfiuse.  The  eifeci  is  heightened  by  the  contrast  of 
the  coal-black  colour  of  these  vegetables  with  the  Ught  ground-work  of 
the  rock  to  which  they  are  attached.  The  spectator  feels  transported,  as 
if  by  enchantment,  into  the  forests  of  another  world ;  he  beholds  trees  of 
form  and  character  now  unknown  upon  the  surfiice  of  the  earth,  present- 
ed to  bis  senses  almost  in  the  beauty  and  vigour  of  their  primeval  life ; 
their  scaly  stems  and  bending  branches,  with  their  delicate  apparatus  of 
foliage^  are  all  spread  forth  before  him,  little  impaired  by  the  lapse  of  in- 

*  Mem.  Geol.  Survey,  vol.  i.  p.  193,  fig.  16. 

t  Silurian  System,  p.  100. 

X  See  Mr.  R.  C.  Taylor's  notice  of  fossil  Arborescent  Ferns,  Siginaria, 
and  otber  Goal-plants,  exhibited  in  tbe  roof  and  floor  of  a  coal-seam  in 
Dmphin  County,  Pennsylvania.  Trans.  Amer  Phil.  Soc.  2  ser.  vol.  ix. 
p.  219,  Philadelphia,  1843.  {  Flore  du  Monde  Primilif. 
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definite  ages,  and  bearing  faithful  records  of  extinct  systems  of  Tegetation, 
which  began  and  terminated  in  times  of  which  these  relics  are  the  infal- 
lible historians.  Such  are  the  grand  natural  herbaria  wherein  these  most 
ancient  remains  of  the  vegetable  kingdom  are  preserved  in  a  state  of  in- 
tegrity little  short  of  their  living  perfection,  under  conditions  of  our  planet 
which  exist  no  more."  * 

13.  MiLLSTONE-osiT. — The  coal-measures  north  of  the 
Trent  are  superposed  on  the  group  of  coarse  sandy  and 
pebbly  deposits  designated  by  this  term ;  bu$  to  the  south 
these  strata  appear  as  a  hard  sandy  rock  ("  Farewell-rock  '*). 

The  most  characteristic  bed  of  this  series  is  the  quartzose  conglomer- 
ate, termed  millstone-grit,  which  consists  of  rolled  fragments  of  quartz- 
rock  and  granite,  of  various  sizes,  from  that  of  a  pear  downwards,  ce- 
mented together  in  some  instances  by  an  argillaceous,  in  others  by  a 
crystalline  silicious  paste.  Sandstones  composed  of  the  fine  detritus  of 
similar  materials  are  associated  with  the  grit.  Water-worn  fragments  of 
shale,  coal,  red-sandstone,  stems  of  plants,  &c.,  all  bearing  marks  of 
transport  by  currents  and  streams,  are  also  often  found  imbedded  there- 
in.  Beds  of  coal  are  occasionally  interpolated  in  this  series,  and  in  some 
localities  the  lowermost  strata  consist  of  shales  with  coal-plants,  and  con- 
tain nodules  of  ironstone  similar  to  those  of  the  upper  coal-strata,  and 
veins  of  lead  and  copper.  Satin-spar,  and  naphtha,  petroleum,  and  other 
bituminous  substances,  occasionally  occur  in  the  shales  of  this  series. 

In  Yorkshire  the  Millstone-grit  is  an  important  deposit,  containing 
several  subordinate  beds  of  coal ;  and  is  separated  firom  the  great  inferior 
calcareous  group  (known  in  the  north  of  England  as  the  ScarMmestone) 
by  deposits,  not  less  than  1000  feet  thick,  equivalents  of  the  Upper  Lime- 
Btaneshalee  of  Derbyshire,  and  known  as  the  Yoredaie-roeke,  in  which 
five  series  of  limestone-strata,  remarkable  for  their  continuity  and  regular 
thickness,  alternate  with  great  masses  of  sandstone  and  shale,  containing 
innumerable  impressions  of  coal-piants,  and  a  few  seams  of  coal.f 

Id  a  sandstone  belonging  to  this  series,  from  the  Hutton 
£oof  Mine,  Mr.  Binne  }  baa  recognised  trails  of  Molluscs 
and  of  Annelids ;  and  in  the  Millstone-grit  of  Tintwistle, 

*  Bridgewater  Treatise,  p.  458. 

t  Professor  Sedgwick,  "  Anniversary  Address,"  1831 ,  Proc.  Geol.  8oc 
vol.  i.  p.  286 ;  PhUUps,  **Geol.  Yorkshire,"  and  "  Manual  Geol."  1855. 
i  Trans.  Phil.  Lit.  Soc.  Manchester,  2nd  ser.  vol.  z.  p.  18L 
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Cheshire,  the  dame  indefatigable  explorer  of  the  Coal-forma- 
tions of  Central  England  has  discovered*  fine  tracks  of  a 
probably  reptilian  quadruped,  similar  to,  but  of  much  larger 
proportions  than  even  that  which  has  left  on  the  Permian 
sandstones  of  Corncockle  Muir  the  impressions  referred  to 
Ckeiiehnus  Titan  by  Sir  W.  Jardine.  Prof.  Harkness  also 
has  recognised  Annelid  tracks  in  the  Millstone-gritf  (Ire- 
land). 

14.  Carboniferous  or  Mountain  Limestone. — Be- 
neath the  Millstone-grit  and  Upper  Limestone-shale,  and 
indeed  intimately  connected  with  the  latter,  is  the  great  cal- 
careous member  of  the  lower  portion  of  the  Carboniferous 
system.  This  is  an  extensive  assemblage  of  calcareous 
strata,  composed  for  the  most  part  of  subcrystalline  grey 
limestone,  disposed  in  beds  of  considerable  thickness ;  the 
strata  through  a  depth  of  many  hundred  feet  being  separated 
only  by  very  thin  clay-partings.  Shales  and  grits  are  inter- 
calated in  certain  localities ;  and  in  some  countries  import- 
ant beds  of  coal  are  situated  in  this  division  of  the  system. 
Layers  and  nodules  of  chert  occasionally  traverse  the  lime- 
stones, like  the  flints  in  chalk. 

The  tenn  MwtUain-UmMUmB,  applied  to  these  calcareous  rocks,  has 
origmated  from  their  often  forming  elerated  mountam-chains,  as  in  Der- 
byshire, Yorkshire,  Somersetshire,  &c.,  giving  rise  to  scenery  'which 
equals,  if  not  surpasses,  in  picturesque  beauty  that  of  any  other  part  of 
England.  I  need  but  mention  the  rale  of  the  Avon  at  Clifton,  Matlock- 
dale,  Dovedale,  the  escarpments  that  overhang  the  Wye  near  Chepstow, 
ftc.  The  magnificat  gorge  of  the  Avon  at  Cliflon  is  flanked  by  an  un- 
interrupted succession  of  mural  precipices,  known  by  the  name  of  St. 
Vincent's  Rocks,  and  presents  an  unrivalled  natural  section  of  the  Car- 
boniferous limestone.  The  calcareous  beds  rest  on  strata  of  the  Devonian 
aeries,  which  may  be  seen  on  both  sides  of  the  river,  near  Cook's  Folly, 
extending  on  the  south  under  Leigh-down  and  Weston -down.  ^ 
t 

*  Quart.  Joum.  Geol.  Soc.  voL  xiL  p.  350. 

t  Edin.  New  Phil.  Joum.  new  series,  vol.  i.  p.  278. 

X  Descriptions  and  sections  of  these  rocks  have  been  made  by  Dr. 


694  THE  WONDERS  OF  OEOLOGT.  Lwrr.  m. 

Thii  series  of  strata  is  also  remarkable  for  the  deep  ehaams  and  fia* 
sures  by  which  the  rocks  are  timversed ;  the  principal  carenis  of  thie 
country  being  situated  in  them ;  those  of  Derbyshlret  Yorkshire,  Somer- 
setshire, &c.,  are  well  known.  Swallow-holes  and  subterraneous  rivers 
are  likewise  frequent  throughout  the  districts  formed  by  these  deposits. 

The  mountain-limestone  is  largely  dereloped  orer  the  central  and 
northern  parts  of  England,  and  the  south-west  of  Scotland  :  and  it  is  thm 
predominant  rock  throughout  the  greater  part  of  Ireland.  In  Somerset- 
shire, Gloucestershire,  Shropshire,  North  and  South  Wales,  and  Derby- 
shire, it  constitutes  an  almost  entirely  calcareous  mass,  interposed  be- 
tween the  Devonian  group  below  (or,  where  that  is  wanting,  the  more 
ancient  Silurian  rocks)  and  the  upper  shales,  grits,  and  coal  aboTe.  In 
Cumberland,  and  Westmoreland,  &c.,  it  appears  as  an  elevated  belt,  which 
partly  surrounds  the  Cumbrian  slate-mountains,  and  forms,  on  the  west, 
a  ridge  nearly  three  thousand  feet  in  height. 

In  Northumberland  the  mountain- limestone,  modified  by  intercalated 
shales  and  cual-beds,  and  associated  with  the  overlying  millstone-grit,  oc- 
cupies large  areas,  and  constitutes  ranges  of  hills  of  considerable  elevation ; 
the  geographical  features  strongly  contrasting  with  those  of  the  adjacent 
coxmtry  on  the  south,  which  consists  of  the  upper  coal-bearing  strata, 
spread  out  in  a  plain  of  great  extent. 

In  Derbyshire  the  grand  physical  features  of  the  country  are  produced 
by  the  mountain-limestone,  which  rises  into  crags  or  peaks,  and  hills, 
presenting  bold  precipitous  escarpments,  and  produces  the  wildest  and 
most  picturesque  scenery.  Professor  Phillips  estimates  the  thickness  of 
the  lower  division  of  limestones,  with  shale-partings,  in  Derbjrshire  at  750 
feet;  the  alternations  of  shale,  sandstone,  limestone,  and  ironstone, 
which  surmoimt  the  former,  at  500  feet ;  and  the  cappings  of  millstone- 
grit  which  form  the  summits  of  the  hills,  at  360  feet. 

The  Carboniferous  Limestone,  though  some  of  the  beds  are 
destitute  of  fossils,  is  for  the  most  part  largely  made  up  of 
corals,  crinoids,  shells,  &e. ;  these  often  form  three-fourths 
of  the  mass.  Of  the  1900  feet  thickness  of  Mountain-lime* 
stone  in  South  Wales,  the  lower  half  may  be  said  to  be  made 
up  of  Crinoidea  and  SCrophomena,  and  the  upper  portion  of 

Bright  (Geol.  Trans,  vol.  iv.  p.  193) ;  Mr.  Cumberiand  (ihid,  vol.  t.  p. 
95) ;  Buckland  and  Conybeare  {ibid,  2  ser.  vol.  i.  p.  210) ;  De  la  Heche 
and  William i,  Mem.  Geol.  Surv.  vol.  i.  p.  113;  Lonsdale,  Mnrchison's 
Sil.  Syst.  p.  158.  See  also  Excursions  to  Clifton,  Matlock,  and  Crich 
Hill;  Medals  of  Creation,  vol.  ii.  pp.  864, 867,  880. 
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oocmls  (De  k  Beche  and  Riillips).  We  r^serre  a  more  par- 
ticular notice  of  these  organic  remaiaa  for  a  subsequent  part 
of  Uiia  Lecture.  The  Berbjahire  enerinital  marblea  (aee 
p.  060),  and  the  ooral-marblea  of  St.  Yincent'a  roeka,  near 
Clifton,  are  well-known  examples  of  the  finer  oompact  Tiurie- 
ties  <^  these  calcareous  deposits. 

In  ihe  Bristol  and  Mendip  district,  some  beds  of  this  great 
limestone  have  an  oolitic  structure,*  the  spherules  contain- 
ing grains  of  sand,  water-worn  ftagments  of  shells  and  other 
organic  substsnoes,  or  the  little  shells  of  foraminifera. 

The  chert,  where  interpolated  among  the  crinoideal  re- 
mmina,  contains  beautiful  casts  and  impressioiis  of  tlie  stems 
and  ossicula,  and  aJso  of  the  associated  shells,  in  consequence 
of  the  silidous  matter,  which  surrounded  and  penetrated 
theae  bodies,  having  resisted  the  chemical  action  that  sub- 
aequentlj  destroyed  the  cakaieous  structure  of  the  ori- 
ginals.t 

15.  DsBBTBHiax  Lsu>-inKS8. — ^It  is  in  the  mountain- 
limestone  that  the  principfd  British  lead-mines  are  situated, 
namely,  those  of  Somerset,  Derbyshire,  York,  Flint,  Durham, 
and  Northumberland.  In  Derbyshire  the  metal  occurs  in 
numerous  veins  which  traverse  the  strata,  and  extend  in 
some  instances  into  the  tomd^gUmey — a  volcanic  rock  which  we 
shall  describe  in  the  sequeL  The  perpendicular  veins  (rake- 
tmnd)  are  from  two  to  forty  feet  wide ;  and  there  are  chasms 
or  hollows  in  the  rock,  severfd  hundred  feet  in  width,  which 
also  contain  metallic  ores  and  spars.  Manganese,  copper, 
sine,  and  iron  are  found  in  the  limestone ;  but  the  predomin- 
ating metalliferous  ore  is  the  etdphide  of  lead,  or  galena. 
This  substance  is  of  a  bluish-grey  colour,  and  often  occurs  in 

*  This  is  not  the  oldest  instance  of  the  occurrence  of  the  oolitic  stnic- 
tnre  in  rocks.  It  is  present  in  some  parts  of  the  Bala  limestone.  As  more 
modem  instances,  may  be  mentioned  oolitic  beds  in  the  Zechstein  of  the 
Permian,  and  the  Muschelkalk  of  the  Trias. 

f  See  the  pnlley-stone,  tigtu  152,  Ji§,  i,  which  is  s  silicitms  cast  of 
an  enerinital  column. 


696  THE  WONDERS  OF  OEOLOOT.  Lkct.  Til. 

cubic  and  octahedral  crystalB;  it  is  also  disposed  in  thin 
layers,  as  well  aa  in  veins.  It  is  accompanied  by  fluor-spar, 
calc-spar,  sulphate  and  carbonate  of  barytes,  iron-pyrites,  &c. 
The  variety  termed  specular  galena,  or  Blickenndes,  is  a  thin 
coating  of  lead  on  the  sides  of  the  veins,  and  appears  to  have 
arisen  from  one  wall  of  the  fissure  having  slipped  along  the 
face  of  the  other,  so  as  to  give  it  a  polished  or  slicken  sur- 
face. 

The  beautiful  mineral  kncwn  by  the  names  oi  fluorspar^ 
ehloraphaiiej  and  Derbyshire  spar,  and  provindally  called 
Bliie-John  and  BulUheef,  so  much  in  request  for  vases  and 
other  ornamental  purposes,  is  a  fluate  of  lime,*  found  in  the 
state  of  veins,  and  in  large  irregular  masses  from  three 
inches  to  a  foot  in  thickness,  in  the  Odin  mines,  near  Castle- 
ton,  in  Cornwall,  and  elsewhere. 

The  structure  of  the  country  around  Matlock  and  the 
principal  metalliferous  districts  of  Derbyshire  are  so  fully 
described  in  various  works,  that  the  present  brief  notice  of  the 
manner  in  which  the  mineral  and  metallic  productions  occur 
will  suffice.  The  chasms  in  the  limestone  exposed  in  some  of 
the  quarries  are  often  more  or  less  incrusted  with  minerab  and 
spars,  and  exemplify  the  mode  in  which  the  rich  metallic  veins 
of  lead  are  distributed  in  the  interior  of  the  mountains.  A 
fissure  which  I  observed  in  a  quarry  in  Crich  Hill  will  serve 
as  an  illustration.  A  layer  of  the  dark  blue-grey  sulphide  of 
lead,  or  galena,  was  spread  over  the  surface  of  the  limestone 
that  formed  the  walls  of  the  fissure,  upon  this  was  deposited 
a  layer  of  white  baryt-spar,  and  on  the  latter  was  a  coating 
of  cubic  crystals  of  fluor-spar  of  a  light-blue  colour.  Usually 
the  fissure  is  filled  up  by  alternating  layers  of  crystalline 
veinstones  enclosing  a  central  vein  or  "  rib  "  of  galena. 

16.  Cabbonifebous  Bocks  of  Devonshibb. — The  rapid 

*  This  appears  to  hare  been  the  enigmatical  sabstance  of  which  the  al- 
most priceless"  Myrrhine  vases"  of  ancient  Rome  consisted.  (Fra^r'a 
Mag.) 
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sketch  abore  given  of  the  principal  features  of  the  three 
groups  of  strata  composing  the  Carboniferous  system  affords 
a  general  idea  of  the  prevailing  characters  of  this  important 
formation.  There  is,  however,  an  extensive  series  of  rocks 
which  belong  to  this  epoch,  but  occur  under  conditions  that 
have  rendered  their  relations  somewhat  obscure,  and  occa- 
sioned them  to  be  classed  with  the  more  ancient  beds,  until 
the  investigations  of  Professor  Sedgwick  and  Sir  R  I.  Mur^ 
chison  demonstrated  their  true  position  in  the  chronological 

Flf.l. 
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Li«ir.  in.— Sbctiohs  of  thx  Stsata  or  DxrovBHiftB. 

7%.  1.    Bcctioa  from  WE.  to  B8W.  thowlaf  tbe  carboBlferoas  atniu  (a)  in  tbt  ctBtra,  rMl* 

iBf  on  «acli  dd«  OB  tchlaU  and  MBdstoBM  of  th«  DcTosfaa  teriet  {h,  h) ;  a  protrv< 

rioa  of  irnnlte  (e)  ooevnlBf  on  the  8SW. 
—  1.    tecUoa  from  north  to  loath :  th«  earboBlferom  heda  (m)  repoae  on  Dovonlan  itrau  on 

tho  north  (ft) ;  whOo  towards  th«  loath  th«  ffranlta  of  Dartmoor  hai  tMon  pro- 

tr«Aad  (e) ;  the  OeTonian  oerieo  (b)  re  appeara  in  the  aonthem  part  of  the  eonntj, 

tcnnlnated  hj  a  hand  of  micaceons  ichlsti  (d). 
m,  QdodfeRMM  roeka  of  Derooahlre :  grlta,  ■ehlsta,  calm,  and  PoddononomTa'^iBii* 

•tone. 
k,  De-roBlaa  roeka:  Cljmenla-lfaneetone  and  oehiats,  mndftonet,  Strlnfoeephalna- 

llmeetone  and  eehleta,  oon^ooMiatea,  aandatonca,  and  loweat  Mhlata. 
€,  Oraalte. 
4,  Mlcaeeona  Mhlata ;  altered  or  metamor^eaed  itrau. 

arrangement  of  the  British  strata.*  This  group  consists  of 
shales,  limestone,  and  slaty  coal  (prbvincially  called  cu7m), 
constituting  a  trough  of  carboniferous  deposits  super-im- 

*  Geol.  Transact  2  ser.  vol.  ▼.  p.  633,  Ac. ;  Report  British  Assoc 
1836,  sect.  p.  96;  Phil.  Mag.  toI.  zit.  p.  241,  Ac, ;  Edinb.  New  Phil 
JoQin.  Tol.  zliii.  p.  33;  Quart.  Joum.  Geol.  Soc.  toI.  riii.  p.  8,  &c. 


wo  THE  WOKD£R«  OP  GBOLOOT.  L«ct.  VII. 

posed  on  **  Deronian  *'  strata,  bat  much  dislocated  and 
altered  in  character  hj  intrusions  of  granitic  rocka. 

The  culmiferoua  deposits  of  Devonshire  were  once  oon- 
nected  with  the  coal-formation  of  South  Wales,  on  the  noith 
side  of  the  Bristol  Channel :  the  fossil  vegetables  which  they 
contain  appear  to  be  identical  with  those  bf  the  cqal^-basin 
of  South  Wales.  In  the  section,^.  1,  through  ]>evdnBhire 
from  NNE.  to  SSW.  the  culmiferous  beds  (a)  are  seen  to 
occupy  a  trough,  and  to  repose  on  each  side  on  the  schists 
and  calcareous  sandstones  (6,  b)  of  the  Devonian  or  Old 
Bed  series.  The  section  (Jt^,  2)  from  north  to  south  shows 
the  carboniferous  strata  (a),  flanked  on  the  north  side 
only  by  the  Devonian  rocks  (b),  the  granite  of  Dartmoor 
(e)  having  been  protruded  on  their  southern  edge ;  while 
the  Devonian  rocks  re-appear  in  the  southern  part  of  the 
county,  terminated  by  a  band  of  micaceo-chloritic  schists, 
which  are  parallel  to  the  great  disturbing  axis  of  Cornwall 
and  Devon,  and  are  probably  metamorphosed  sedimentary 
deposits.* 

17.  Tbaj-bocks  akd  Tsap-dtkes  or  the  Cabbokifeb- 
ous  Sebies. — The  coal  and  its  associated  strata  everywhere 
exhibit  proofs  of  the  violent  subterraneous  movements 
which  they  have  undergone  since  their  original  deposition ; 
and  but  few  coal-fields  are  free  from  extensive  faults  and 
dislocations,  by  vrhich  the  beds  have  been  broken  up  and 
thrown  into  difierent  levels  and  positions.  The  entire  group 
is  also  often  traversed  by  veins  and  dykes  of  intruded  vol- 
canic rocks;  generally  consisting  of  the  hard,  dark-green, 
fine-grained  stone,  called  trap, 

lu  Yorkshire  there  is  ft  trap-dyke  of  prodlpous  extent  and  thickness, 
named  the  WMn-tiU,  which  traverses  the  coal-measures,  red  aandstones, 

*  Besides  the  aboTe-quoted  works  by  Sedgwick  and  Murchlson  <mi  the 
Culmiferous  beds  of  Devonshire,  the  reader  should  also  consult  De  la 
Beche's  **  Report  on  Cornwall,  Devon,  and  West  Somenet,"  Phillips's 
"  Palasoioic  Fossils  of  Devon,'*  &c.,  and  the  first  vol.  of  the  "  M«ni.  GeoL 
Survey  ;  "  and  Sir  R  Murchison's  *'  Siluria." 
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and  lifts»  and  passes  from  High  Teesdale  to  the  confines  of  the  eastern 
eoaal ;  &  distance  of  upwards  of  sixty  miles. 

In  DerbyRhire,  a  trap-rock,  m  many  parts  amygdatoidal,  and  which, 
firom  being  mottled  with  green  and  yellow,  has  received  from  the  miners 
the  name  of  Uad-tUmBy  is  interpolated  between  the  beds  of  mountain- 
limestone  of  that  country,  under  circumstances  of  considerable  interest.* 

These  phenomena  can  nowhere  be  studied  with  more  adTantage  than 
m  the  neighbouriiood  of  Matlock,  which  is  a  region  of  carboniferous  lime- 
stone, broken  up  and  traversed  by  rolcanic  rocks. 

The  trap-rodL  of  Derbyshire  was  eridently  erupted  in  a  state  effusion 
firom  some  very  deep-seated  source  of  intense  heat,  and  intruded  be« 
tween  the  limestone-beds  in  three  principal  currents,  now  appearing 
as  alternations  of  trap-rock  with  sedimentary  strata,  but  which,  there  is 
every  reason  to  believe,  sprung  from  one  common  source,  and  are  lateral 
protrusions  from  the  great  mass  of  igneous  matter.  The  toadHone  is  a 
hard  rock,  consisting  of  small  nodules  of  white  and  yellow  calcareous 
spar  and  green  earth,  imbedded  in  a  dark  greenish  paste  of  basalt. 
Sometimes  the  nodules  are  decomposed,  and  the  stone  is  then  vesicular 
or  cellular,  resembling  porous  lava.  The  thickness  of  each  of  the  three 
diatinet  beds  of  this  ancient  subterranean  lava-current  interpolated  in 
the  mountain-limestone  of  this  district  varies  from  sixty  to  eighty  feet.  In 
some  instances,  dykes  of  toadstone  traverse  the  metalliferous  veins,  and 
a  manifest  alteration  is  then  observable  in  the  nature  of  the  latter,  f 

In  some  places  the  elevatory  movements  hare  torn  the  rocks  asunder  ; 
in  others  the  strata  have  partially  resisted  the  expansive  effect  of  the 
erupted  lava,  and  are  now  in  a  dome-shaped  or  arched  position,  and  more 
or  less  bent  and  folded. 

Crich  Hill,  near  Matlock  affords  a  highly  interesting  illustration  of 
this  effect  of  igneous  action.  It  is  a  dome-shaped  hill  of  momitain-lime- 
stone,  800  feet  high,  consisting  of  arched  strata,  enfolding  a  central  mass 
of  trap.  This  dome  of  limestone  has  been  forced  up  through  the  once 
superincumbent  strata  of  millstone-grit,  which  now  form  a  broken  and 
highly  inclined  wall  around  H.    Such  is  Crich  Hill,  a  stupendous  monu- 

*  See  Mr.  W.  Hopkins's  "  Remarks  on  Mr.  Farcy's  Account  of  the 
Stratification  of  the  Limestone  District  of  Derbyshire,"  Phil.  Mag.  3nl. 
•er.  vol.  V.  p.  121. 

t  In  the  cavern  at  the  base  of  the  High  Tor  in  Matlock  Dale,  a  bed  oi 
toadstone  is  seen  on  the  floor,  beneath  the  limestone-strata  of  which  the 
cliff  is  composed,  and  may  be  traced  across  the  river  to  the  opposite 
escarpment  of  Masson's  Hill,  where  it  is  exposed  on  the  road-side.  See 
Medals  of  Creation,  vol.  ii.  p.  876. 
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ment  of  one  of  the  past  reroIutionB  of  the  globe,— with  its  arches  of  rifted 
rock  teeming  with  mineral  reins,  and  resting  on  a  central  mound  of 
molten  rock  now  cooled  down  into  an  amorphous  mass  of  compact 
basalt.* 

A  dyke  of  the  Tolcanic  rock  called  green-stone,  in  some  places  eighteen 
yards  wide,  and  which  has  been  traced  nearly  seTenty  miles,  traTerses  the 
Newcastle  coal-measures  on  Cock  field-fell.  The  coal  at  the  distance  of 
fifty  yards  from  the  dyke  is  altered  in  its  character,  and  near  its  contact 
with  the  erupted  mass  is  reduced  to  half-burnt  cinder  and  sooty  coaly 
matter.  Wherever  trap  traTerses  coal-deposits,  more  or  less  change  is 
always  observable  in  the  carbonaceous  materials. 

18.  Faults  in  the  Coal-measubes.— In  illustration 
of  the  displacements  called  faults,  in  carboniferous  strata, 

Barrow  UUl, 
MOteet. 


The  Old  Tjirk. 


IVrnp-rodk. 


LtOK.  160.~ERrPTn»  TXAT-KOCX.  »  THS  DVSLST  OOAL-nSLO. 
(Sir  R,  I.  ir«rdkuoM'«  SQ.  >9it.  pL  W7,Jlf'  !•) 
a,  m,  AllttTial  mU. 
1.  Erupted  Tmp-rock. 
It  2-  Coal-meMiiret. 
a.  Barrow  Fault :  upcast  of  90  farda. 
4,  4.  Coal,  charred  and  altered  from  contact  with  the  Trap. 

I  shall  select  a  remarkable  one  that  occurs  in  the  Dudley 
Coal-field,  near  Barrow  Hill  (Li^n.  160).  The  central  mass 
of  erupted  trap  that  occasioned  the  dislocation  rises  to  the 
surface,  and  forms  the  summit  of  Barrow  Hill,  which  has 
an  elevation  of  about  600  feet.  The  displacements  of  the 
strata  on  each  side  of  the  volcanic  rock  have  produced  two 
lines  of  faiilt :  and  the  coal  in  contact  with  the  igneous  rock, 
as  is  usual  under  such  circumstances,  is  charred,  and  deprived 
of  its  bituminous  qualit  j* 

•  See  Medals  of  Creation,  p.  890. 
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In  the  principal  fault,  the  coal-beds  are  rent  asiinder  to 
an  extent  of  140  yards  ;  and  in  the  part  represented  in  the 
sketch  {Lign,  161),  the  erupted  mass  (h)  has  upcast  the 
strata  on  the  south-east  ninety  yards  {a)  ;  the  sides  of 
the  fissure  being  inclined  from  eighty  to  ninety  degrees ;  thus 
the  group  of  strata,  a,  J,  which  were  originally  continuous  and 


Ttap. 

Liojf .  ifil — Section  of  a  Favxt  nr  thb  ditdlkt  CX>AL-FiXLi),  xkar 
Ba&ROW  hill.    {8il.  Sytt.  p.  S04.) 

«,  4,  CarbonireTaiu  strata :  the  black  line  denote*  the  main  bed  of  coal ;  b,  Intraded  Trap; 
•,  the  upward  twist  of  the  bed  of  coal  d,  wliere  in  contact  with  the  Trap-dike. 

horizontal,  have  been  separated,  and  the  edges  of  the  lower 
portion  twisted  upwards,  as  is  shown  at  c,  by  the  intruded 
trap.  These  carboniferous  strata  are  superimposed  on  red 
conglomerate.  We  shall  have  again  occasion  to  notice  the 
displacements  in  the  Dudley  Coal-field,  when  treating  of  the 
trappean  ridges  of  that  part  of  England. 

The  faults  and  dislocations  of  the  strata  are  so  numerous  in  many  coal- 
fields, that  they  have  been  very  aptly  compared  by  Dr.  Buckland  to  a 
fractured  sheet  of  ice  : — "  If  we  suppose  a  thick  sheet  of  ice  to  be  broken 
into  fragments'of  irregular  area,  and  these  fragments  again  united  after 
receiving  a  slight  degree  of  irregular  inclination  to  the-  plane  of  the  ori- 
ginal sheet,  the  reunited  fragments  of  ice  will  represent  the  appearance 
of  the  broken  masses  or  sheets  of  coal-measures.    The  intervening  por* 
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tions  of  more  recent  ice,  by  vbicli  tliey  are  held  together,  reprenent  the 
clay  and  rubbish  that  fill  the  faults,  and  form  the  partition-walls  that  in- 
sulate these  adjacent  portions  of  strata,  which  were  originally  formed 
like  the  sheet  of  ice,  in  one  continuone  plane/** 

There  is  a  circumstance  connected  with  the  upheaval 
and  disruption  of  the  carboniferous  strata^  and  which  is 
also  observable  in  other  loosely  aggregated  deposits,  that 
demands  attention.  However  great  the  uprise  or  downcast 
of  the  rocks  on  one  side  of  a  fault,  it  is  seldom  that  there 
are  anj  extenud  indications  of  the  displacement  visible ;  as 
for  example  in  the  fault  of  Barrow  above  sketched  (Jjiffns.  IGO 
and  161)  .f  The  removal  of  the  upraised  masses  hm  possibly, 
in  some  instances,  been  occasioned  by  debacles  or  floods  of 
water  that  have  swept  over  the  surface  of  the  country ;  but 
in  those  cases  in  which  the  elevated  strata  were  of  great  ex- 
tent, and  the  displacement  involved  large  areas;  it  is  probable 
that  the  removal  was  effected  by  the  action  of  the  sea,  when 
the  rocks  were  first  dislocated  and  forced  upwards,  and 
before  they  emerged  above  the  waters.  In  other  instances, 
the  disintegration  may  have  taken  place  during  their  gradual 
elevation,  in  like  manner  as  the  removal  of  the  Chdk,  and 
the  denudation  of  the  underlying  Wealden  of  the  south-east 
of  England,  were  produced.     (See  above,  voL  i.  p.  371.) 

19.     GEOQHi^PHIOAL    DISTBIBUTION    OF   THB   GOAL-MEA- 

SXTBES. — Although  the  geological  map  {Plate  I.  p.  474)  is 
on  a  small  scale,  it  will  serve  to  convey  a  general  idea  of  the 
geographical  position  of  the  areas  occupied  by  the  Carboni- 
ferous strata  of  England.  The  principal  coal-basins  are  those 
of  Somersetshire,  Gloucestershire,  North  and  South  Wales, 

•  Bridgewater  Treatise,  p.  543. 

t  Mr.  Bakewell  has  treated  this  sul^ect  with  great  ability :  see  chap, 
ix.  "  On  the  general  removal  and  disappearance  of  the  cqial-strata,  raised 
by  faults  above  the  surface  of  the  ground."— /itlf^t<e<ibn  to  OMog^  5ih 
edit  p.  200. 
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Dudlej,  Shropshire,  Leicestershire,  Laaeashire,  Nottiixgham, 
BerbjBhire,  Yorkshire,  Cumberland,  Duriutm,  and  New- 
caaile.  In  Scotland,  we  have  those  of  the  Forth  and  Clyde. 
The  central  districts  of  Ireland  have  extensive  coal-deposits  ^ 
bul  by  far  the  greater  part  of  the  coal  of  Ireland  is  anthra- 
eitic :  tiiere  are  sev^ml  coal«basins  exclusively  of  this  mineral 
in  fire  or  six  conntiea  in  the  south  of  the  Idand. 

On  the  Continent,  coal,  with  limestones  and  conglomerates,* 
in  some  instanoea  resembling,  in  others  differing  from,  the 
Bngliah  strata,  occur  in  France,  near  Boulogne,*  Mons,  and 
St.  Btienne;  in  Belgium^  at  iN'amur  and  Liege  ;t  in  Ger- 
many, Silesia,  Moravia,  Poland,  and  in  the  Carpathian 
Mountaina  The  Mountain«limestone  tract  along  the  Meuse^ 
in  the  Netherlands,  resembles  that  of  Derbyshire  and  Mon- 
moathshire,  and  is  of  the  same  age ;  and  the  scenery  to  which 
it  gives  rise  will  remind  the  English  traveller  of  the  banks 
of  the  Derwent  or  the  Wye. 

In  Gkrmanyt  two  great  coal-bearing  series  of  rocks  of 
paljBoxoie  age  are  recognised.  The  lower  of  these  is  the 
^Younger  Ghranwacke  "  of  the  Germans^  called  also  the 
**  Floetzleerer  Sandstein,"  and  is  equivalent  probably  to  the 
miUstone-grit,.  the  culm  series  of  Devon,  and  some  part  of 
the  Scottish  coal-measures.  The  upper  series  often  rests 
unconformable  on  the  other,  and  is  known  as  the  '*  Stein- 
kohkn^anoation,"  and  represents  the  English  coal-fields. 
The  Monntain-limestoiie  is  termed  ^  Berg-kalk  "  in  G-er- 
many,  and  is  cKvisible  into,  1st,  schists,  full  of  Posidonomya, 
such  as  are  found  also  in  Devonshire  and  South  Scotland ; 
2nd,  Froductus-limestones ;  3rd,  silicious  flagstones,  or 
'^Kieeekdiider." 

•  Sm  Mr.  Godvin-AiuteiL*8  Memoinw  Quart.  Joum.  Geol.  Soc,  vol.  ii. 
pb  1,  and  ToL  ix.  p.  231. 

t  See  Joura.  Geol.  Soc^  toI.  xii.  pp.  47  and  252. 

X  See  Geinitz*8  **  Steinkohleu-Format.  Sachsen ; "  and  Murchison  and 
Monii, "  Ob  tha  Paleozoic  Roeksof  Thoringia,"  &c.,  Quart.  Geol.  Joum. 
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In  many  parts  of  France  and  Glermanj  there  are  isolated 
patches  of  coal-strata,  entirely  free  from  marine  fossils,  and 
reposing  on  granite  and  other  hypogene  rocks :  thej  are, 
however,  confined  to  small  areas  :  as  in  the  Department  of 
the  Loire,  at  Brassac  in  Silesia,  and  many  other  places.  All 
these  deposits  appear  to  have  been  formed  in  lakes,  existing 
on  land-areas  skirted  by  the  sea  in  which  the  Mountain- 
limestone  was  deposited.* 

In  Central  France,  the  rocks  that  constitute  the  eastern 
boundary  of  the  Limagne  d'Auvergne  are  referable  to  the 
Carboniferous  period,  and  present  phenomena  of  a  highly 
interesting  character,  which  were  first  pointed  out  by  Sir 
B.  Murchison  in  a  memoir  "  On  the  Slaty  Bocks  of  the 
Sichon."  t 

The  mineral  stracture  of  the  schists  of  the  Sichon,  their  purple, 
plum-coloured  exterior,  and  their  fracture,  combined  with  the  aspect  of 
the  sandstones,  grits,  and  conglomerates,  give  them  a  character  from 
which  few  geologists  would  hesitate  to  assign  them  to  the  greywacke, 
or  most  ancient  Silurian  or  Cambrian  deposits.  But  Sir  R.  Murchison,  in 
1851,  obtained  fossils  %  which  prove  that  these  rocks  belong  to  the  Car- 
boniferous series :  the  intrusive  porphyries  of  this  tract  having  been 
erupted  after  their  deposition.  Many  of  the  beds  of  the  coal-field  of  St. 
Eloy,  near  Montaigne,  are  made  up  of  the  detritus  of  still  older  schists  and 
their  quartz  veins.  Sir  R.  Murchison  could  not  positively  determine 
whether  this  coal-tract,  as  well  as  other  numerous  little  coal-deposits 
that  extend  along  the  western  side  of  the  Mont  Dor  into  the  Cantal,  are 
not  of  the  same  date  as  the  carboniferous  schists  of  the  Sichon ;  but  he 
is  inclined  to  think  them  an  upper  member  of  the  same  group.  At  all 
events,  the  highly  dislocated  positions  of  the  former,  and  the  manner  in 
which  they  are  wedged  in  among  more  ancient  rocks,  indicate  that  the 
great  porphyritic  eruptions  above  alluded  to  took  place  subsequently  to 
their  accumulation. 

From  this  occurrence  of  Mountain-limestone  fossils  in  strata  of  such 

*  For  an  admirable  exposition  of  the  relative  positions  of  land  and 
water  during  the  coal-period,  see  Mr.  Godwin-Austen's  Memoir,  in  the 
Quart  Joum.  Geol.  Soc.  vol.  ix.  p.  57,  &c.  See  also  "  SD.  Syst."  p.  148. 

t  Joum.  Geol.  Soc,  vol.  vii.  p.  5,  &c. 

X  Chonetes,  Phillipsia,  Orthis,  Productus,  &c.,  of  Carboniferous 
species. 
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an  antique  crystalline  aspect,  and  which  are  highly  dislocated  and  in- 
clined, and  are  oyerlaid  unconformably  by  certain  coal-fields  of  France, 
it  is  evident  that  there  must  have  been  a  powerful  disruption  of  the  older 
members  of  the  Carboniferous — the  Mountain-limestone  with  its  shales 
•ud  sandstones — ^before  the  superimposed  coal -bearing  deposits  were  ac- 
cumnlated.  This  fact  is  of  the  highest  importance  in  a  palaeontological 
point  of  view,  since  it  proves  that  the  distribution  of  animal  life  and  the 
chronology  of  ancient  races  do  not  necessarily  accord  with  the  former 
physical  revolutions  of  the  earth's  surface.  This  phenomenon  is  in  ac- 
cordance with  that  complete  and  absolute  change  in  the  zoology  of  the 
Permian  and  the  Trias,  although  these  deposits  present  scarcely  any 
evidence  of  mutual  unconformability.  On  the  other  hand,  whilst  many 
of  the  Permian  Produdi  approach  closely  to  Carboniferous  types,  there 
has  been  m  many  countries  a  great  break  between  these  two  latter  de- 
posits. In  Britain  there  has  been  no  ffeneral  severance  between  the  lower 
and  npper  members  of  the  Carboniferous  series,  and  hence  we  possess  a 
very  fiill  and  copious  development  of  all  its  middle  portion.* 

In  Silesia  and  Poland  the  coal-measures  are  interstratified 
with  shales  and  sandstones  which  overlie  the  Mountain- 
limestone,  as  in  England  and  Belgium ;  but  in  the  Eussian 
Empire  the  productive  coal-beds  are  situated  in  the  Moun- 
tain-limestone, and  are  unquestionably  fluvio-mariue ;  for 
through  a  thickness  of  eight  hundred  feet,  limestones,  grits, 
and  shales,  abounding  in  marine  shells,  alternate  with  beds 
of  coal,  accumulated  apparently  by  driftage. 

In  the  coal-field  of  Tudela  in  Asturia,  Spain,  there  are 
between  twenty  and  thirty  seams  of  coal.  The  beds  are 
thrown  up  into  a  nearly  vertical  position,  at  an  angle  of 
about  8(f  with  the  horizon.  The  strata  constitute  a  hill 
about  400  feet  high,  and  stretching  from  east  to  west  a  mile, 
and  a  half  from  north  to  south. 

20.  Cabbokiferotts  system  of  Nobth  Amebioa. — In 
North  America,  the  Carboniferous  system  is  largely  de- 
velopedy  and  has  been  ably  illustrated  by  Professors  Silli- 
man,  Eaton,  Hitchcock,  Sogers,  Owen,  and  other  geologists. 
The  stone-coal,  or  Anthracite,  of  Pennsylvania  is  associated 

•  Op.  cit.  p.  8. 
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with  conglomerates,  sandstones,  and  argillaceous  shale  ;  and 
the  conglomerates  are  composed  of  quartz-pehhles  like  those 
of  our  Old  Bed  Sandstone.  Deposits  of  anthracite  exist  in 
Worcester  and  in  Bhode  Island,  of  which  an  admirahle  ac- 
count has  heen  published  by  Professor  Silliman. 

Extensive  coal-fields  are  found  to  the  west  of  the  Alle- 
ghany Mountains,  towards  the  Mississippi ;  and  the  base  of 
the  whole  extent  of  the  plain  of  that  mighty  river  appears 
to  be  Carboniferous  Limestone,  the  strata  of  which  rest 
against  the  Alleghany  Mountains  on  the  east,  underlie  the 
sand-plains  on  the  west,  and,  with  the  lower  palsozoic  rocks, 
are  upturned  on  the  flanks  of  the  Eocky  Mountains  at  Fort 
Laramie.*  The  uppermost  layer  of  the  Mountain-limestone 
supports  strata  of  bituminous  coal  and  shale.  Lron-stone 
abounds  in  these  deposits ;  and  mines  of  lead  occur  over  a 
district  of  two  hundred  square  miles,  in  the  States  of  Mis- 
souri and  lUinois.f  The  principal  coal-fields  in  the  United 
States  are  the  Appalachian,  the  Illinois,  the  Arkansas,  and 
the  Michigan ;  the  Appalachian,  with  a  computed  superficial 
area  of  63,000  square  miles,  is  726  miles  long,  and  in  many 
parts  180  wide,  exclusive  of  detached  anthracitic  basins  to 
the  eastward :  the  Great  Western,  or  Illinois,}  is  much  more 
extensive,  and  has  an  area  as  large  as  England. 

The  Appalachian  coal-field,  before  its  original  limits  were 
reduced  by  denudation,  is  computed  to  have  been  900  miles 
long  and  200  wide.  The  thickness  of  the  Carboniferous 
strata  in  Virginia  and  Western  Pennsylvania  exceeds  3000 
feet.§  A  large  portion  of  the  coal  is  in  the  state  of  anfhra*- 
cite,  or  stone-coal,  generally  resulting  from  the  influence  of 
subterranean  high  temperature  at  former  periods.  For  the 
most  part,  the  bituminous  coal  is  that  which  is  farthest  re- 

•  Marcou*8  GcoJ.  Map.       f  Smart's  Travels  in  the  United  States. 
X  Dale  Owen's  Geol.  Survey  of  Wisconsin,  Iowa,  &c. ;  Lyell  and  Hall* 
Report  on  the  New  York  Exhibition. 

i  Professor  H.  D.  Rogers'  Addre«<«,  Mny,  18  U. 
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moTed  from  the  axis  of  the  greatest  disturbance,  and  where 
the  strata  have  suffered  the  last  displacement.  In  the  coal- 
fields where  the  boldest  flexures  of  the  Appalachian  chain 
occur,  and  the  strata  have  actually  been  overturned,  as  near 
Potteville,  the  coal  is  invariably  changed  into  anthracite.* 

The  Carboniferous  system  of  the  United  States  presents  all  the  essential 
characters  of  that  of  England.  The  coal-fields  are  rich  in  iron-ores ; 
and  the  same  prevalence  of  SiiffmaruB  in  the  underclay  of  the  coal-beds 
occurs  as  constantly  as  in  the  European  coal-fields.  Thus  in  the  coal- 
mines of  Blossberg,  Pennsylvania,  the  underclays  contain  Stigmariie  with 
their  rootlets  extending  in  all  directions,  as  in  the  underclays  of  the  Welsh 
coal-measures  3000  miles  distant.t  At  Pottsville,  where  the  coal-st^ta 
are  vertical  and  worked  in  the  open  air,  the  same  phenomenon  appears. 
Several  of  the  coal-seiuns,  from  eight  to  ten  feet  thick,  having  been  re- 
moved, a  void  space  was  left,  and  in  the  wall  on  one  side,  corresponding 
to  the  roof,  were  shales  full  of  ferns,  lepidodendra,  calamites,  &c. ;  while 
the  other  side  of  the  trench  was  formed  of  the  underclay,  abounding  in 
Stigmarise.  These  phenomena  lead  to  conclusions  respecting  the  origin  of 
ooai  from  plants  not  drilted,  but  growing  on  the  spot.  But  throughout  some 
of  the  beds  of  underclay  leaves  of  fern  are  plentifully  dispersed,  though 
the  Stigmariee  are  apparently  imbedded  in  their  natural  positioiut 
Limestone  of  marme  origin  is  more  common  in  the  American  coal-fields 
than  in  those  of  England ;  and  at  Prostburg  §  a  bed  of  black  bituminous 
shale,  ten  or  twelve  feet  thick,  full  of  marine  shells,  is  interstratified  with 
the  coal. 

The  Mountain-limestone  is  thin  under  the  Appalachian  or 
Alleghany  coal-field ;  and  in  Pennsylvania  it  is  represented  by 
red  shale  and  sandstone,  with  thin  limestones,  and  yielding 
valuable  carbonates  of  iron ;  it  is  thicker  to  the  south  and 
vest,  sometimes  dolomitic,  and  is  occasionally  (Southern 
Illinois)  rich  with  lead-ores. 

In  Nova  Scotia  and  Cape  Breton,  the  Carboniferous  form- 
ation  is  composed  of  (1.)  an  upper  and  (2.)  a  lower  series 

•  See  the  section  of  the  country  between  the  Atlantic  and  the  Missis- 
sippi, through  the  Alleghanies,  m  Ly ell's  Travels  in  North  America, 
▼ol.  i.  p.  92 :  and  the  admirable  freological  map  of  the  United  Stales, 
by  Prof.  H.  D.  Rogers,  in  Keith  Johnson's  "  Physical  Atlas." 

t  Lyell,  ibid.  pp.  62  and  84.  t  Ibid.  vol.  ii.  p.  18.  }  Ibid.  p.  ID. 
2  z  2 
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of  coal-measures,  and  (3.)  the  Carboniferous  Limestone,  as- 
sociated with  gypsum,  marls,  and  sandstones.* 

The  Carboniferous  Limestone  has  also  been  recognised  in 
the  Arctic  Begions,t  South  America,^  Northern  India,§  and 
probably  in  Australia.|| 

Coal  of  New  Zealand, — ^The  coal  found  in  the  north  and 
middle  Islands  of  New  Zealand  is  lignite,  more  or  less  com- 
pact,  and  referable  to  tertiary  formations,  according  to  the 
observations  of  Dr.  Dieffenbach,  Mr.  Walter  Mantell,  Dr. 
C.  Forbes,  and  others.  But,  according  to  a  communication 
from  Mr.  William  Lyon  to  the  author,  coal  of  a  more  an- 
cient period  exists  about  thirty  miles  from  Christchurch,  in 
the  valley  of  the  Selwyn.  The  Canterbury  district,  from 
Timaru  to  Waipara,  is  in  many  places  bordered  by  a 
series  of  low  undulating  downs,  restiiljg;  upon  the  rugged 
ancient  i*ocks  which  form  the  vast  boundary-line  of  the 
settlement.  It  is  in  that  portion  of  these  downs  known  as 
the  Malvern  Hills  that  the  coal-formation  occurs.  It  con- 
sists of  the  usual  series  of  limestones,  sandstones,  clays  more 
or  less  indurated  and  laminated,  bituminous  shales,  seams  of 
cool  and  clay,  ironstone,  &c.,  which  usually  constitute  the 
coal-measures.  The  limestone  is  the  highest  bed  seen  crop- 
ping out ;  it  is  fossiliferous,  of  a  superior  quality,  and  at  least 
sixty  feet  in  thickness :  separated  from  this  by  sandstones 
and  shales,  lies  the  main  seam  of  coal ;  the  first  seam  is 
four ;  the  one  beneath,  six  feet  in  thickness.  The  associ- 
ated rocks  contain  seams  of  clay-ironstone,  one  of  them 
aboiinding  in  fresh-water  shells — uniones  (P).  The  laminated 
clays  and  shales  contain  impressions  of  stems  and  leaves 

•  Sec  Prof.  DawBon'B  **  Acadian  Geology,"  1855. 
t  Sir  E.  Belcher,  "Arctic  Voyage,"  1855;  Appendix. 
X  A.  D'Orbigny,  Voyage  dans  TAm^r.  M6rid.  Yol.  iii.  p.  231. 
§  Dr.  A.  Fleming,  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  293. 
11  See  the  Worka of  Strzelecki,  Darwin,  Jukea,  M*Coy,  Clarke,  Statch- 
bury,  &c. 
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of  fernB,  apparently  of  the  genera  Fecopferis  and  Sphenop' 
teris. 

21.  Oroanio  remains  of  the  Carboniferous  Systek. 
— ^The  fossils  entombed  in  these  deposits  comprise  numerous 
genera  and  species.  The  animal  remains  are  principally 
found  in  the  calcareous  and  arenaceous  strata,  and  are  refer- 
able to  zoophjta,  radiaria,  Crustacea,  mollusca^  and  fishes : 
and  numerous  undoubted  relics  of  the  reptilian  order  have 
been  discorered.  The  vegetable  fossils,  besides  constituting 
the  entire  mass  of  the  coal,  anthracite,  &c.,  are  thickly  in- 
terspersed in  the  shales,  grits,  and  other  intervening  deposits. 
The  shells  in  the  shales  of  the  coal-measiu^s  are  generally 
such  as  are  now  represented  by  species  living  in  fresh  or 
estuarine  waters ;  that  is,  forms  related  to  the  TJnio,  Myti- 
loa,  Ac. :  but  there  are  intercalated  beds  of  marine  sheUs  in 
some  localities ;  as,  for  example,  in  Goalbrook  Dale.  In  the 
northward  extension  of  the  Motmtain-limestone  of  Britain, 
there  are  intercalations  of  fresh-water  deposits  among  the 
limestones  and  shales  which  are  full  of  marine  shells ;  and 
some  of  the  carboniferous  deposits  of  Linlithgowshire  are 
said  to  be  traceable  from  the  fresh-water  into  the  marine 
condition.* 

But  the  grand  features  of  the  Carboniferous  system  are 
the  immense  accumulations  of  the  early  vegetation  of  our 
globe,  presenting  to  us,  in  the  most  legible  and  striking 
characters,  the  peculiar  flora  of  the  remote  epoch  in  which 
these  deposits  were  produced.  To  obtain  any  satisfactory 
results  from  an  examination  of  these  remains,  some  know- 

*  Mr.  A.  Taylor  exhibited  and  explained  before  the  Royal  Physical 
Society  of  Edinburgh,  January  28,  1857,  a  section  in  the  Bathgate  Hills, 
from  Dechmont  Laws  to  Balbardie  House,  in  which  a  limestone,  con- 
taining fresh-water  fossils,  and  equivalent  to  the  one  worked  at  Burdie 
House,  is  seen  gradually  to  merge  into  another  limestone,  containing 
numne  Ibanla,  which  is  usiully  recognised  as  the  lowest  bed  of  the  Car- 
boniierotts  series. — £tfM.  New  Phil,  Jowm,  new  ser.  toI.  yi.  p.  165^ 
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ledge  of  the  internal  structure  of  vegetables  is  requisite;  fur 
in  a  fossil  state  many  of  the  external  characters  are.  for  the 
most  part,  so  imperfect  or  obliterated,  as  to  afford  but  ob- 
scure indications  of  the  nature  of  the  original.  As  in  our 
investigations  of  the  foasU  remains  of  animals  we  availed 
ourselves  of  the  principles  of  comparative  anatomy  to  recon- 
struct those  extinct  forms  of  being,  in  like  manner  we  must 
now  cull  to  our  aid  that  branch  of  science  which  treats  of 
vegetable  organization ;  we  shall  thus  be  enabled  to  restore 
anew  the  forests  of  extinct  tree-ferns  and  coniferaB,  the  jun- 
gles of  calamites,  and  all  the  luxuriant  vegetation  which 
flourished  during  the  Carboniferous  epoch.  I  must,  how- 
ever, restrict  myself  to  a  brief  enunciation  of  a  few  leading 
botanical  principles.*  The  works  of  Adolphe  Brongniart  f 
and  of  Lindley  and  Hutton,J  together  with  those  of  Corda, 
linger,  Goeppert,  Hooker,  Henslow,  Balfour,  and  Henfrey, 
should  be  consulted  by  those  who  would  pursue  this  attrac- 
tive department  of  natural  history. 

22.  Oroantza-TION  of  Vegetables.  —  In  the  previous 
discourse,  the  complex  organization  of  the  higher  orders  of 
animal  existence  was  remarked ;  the  structure  of  vegetables, 
on  the  contrary,  presents  a  remarkable  simplicity.  While 
in  most  animals  each  separate  function  is  effected  by  an  or- 
gan of  peculiar  construction,  in  plants  a  few  tissues,  vari- 
ously modified,  constitute  the  mechanism  by  which  all  the 
vegetable  functions  are  performed.  The  section  of  any  liv- 
ing plant  shows  that  its  intimate  structure  is  made  up  of 
cells  or  vessels  (see  also  p.  609). §    This  organization  is  dif- 

*  See  Medals  of  Creation,  vol.  i.  chapters  4,  5,  and  6. 

t  Histoire  des  Veg^taux  Fossiles,  ou  Recherches  Botaniques  et  G^- 
logiques,  ftc,  par  M.  Adolphe  Brongniart. 

t  The  Fossil  Flora  of  Great  BriUin,  by  Dr.  Lindley  and  W.  Hutton. 

}  Every  regetable  cell  ia  the  result  of  the  development  of  a  minute 
granular  body  or  nucleus,  on  the  surface  of  which  a  transparent  vesicle 
arises,  spreading  out  so  as  to  form  a  cell,  whicl^  aflerwards  expanding 


f  ».  ORGANIZATION  OP  VEGETABLES.  711 

ferently  arranged  in  the  grand  classes  of  the  vegetable  king- 
dom.* In  the  most  simple  group,  the  cellularesy  called  alwo 
the  acofyledones,  from  the  absence  of  cotyledons^  or  seed-lobes, 
the  tissue  is  wholly  cellular,  the  cells  being  nearly  of  equal 
size  and  consistence ;  mosses,  lichens,  sea-weeds,  fungi,' &c., 
are  examples.  These  plants  have  no  flowers,  and  hence  are 
named  eryptogamia.  The  vegetables  belonging  to  the  other 
great  class  are  termed  vasculares,  from  their  cellular  tissue 
being  more  complex,  and  assuming  the  structure  of  tubes 
and  vessels  ;  and  phanerogamic,  from  their  bearing  flowers. 
Their  tissue  is  composed  of  cells  of  various  sizes  and  forms, 
and  of  straight  and  spiral  tubes.  This  class  is  subdivided 
into  two  families,  viz.  the  monocotgledonous,  so  named  from 
the  seed  having  but  one  fleshy  lobe,  or  cotyledon  {Lign.  162, 
Jig.  5) ,  as  the  onion,  lily,  Ac,  and  which  are  also  called  en- 
dogenous  (gromng  from  mthin),  because  increase  takes  place 
from  the  innermost  part  of  the  stem ;  and  the  dicotyledonous, 
whose  seeds  have  two  lobes  (Jig.  4),  as  the  bean,  almond, 
&c. ;  these  are  likewise  termed  exogenous,  from  the  new  mat- 
ter being  added  externally  to  the  old  layers,  and  thus  form- 
ing annual  circles  of  increase,  as  in  the  oak,  elm,  &c.  {Jig.  8). 
A  transverse  section  of  the  monocotyledonous  stems  (as  the 
cane,  palm,  &c.)  presents,  therefore,  openings  of  tubes, 
which  are  condensed  towards  the  outer  surface  (Jig.  7)  ; 
while  that  of  the  dicotyledonous  exhibits  annular  lines  of 
growth,  with  diverging  rays  and  a  central  pith  (Jig.  8)  ;  the 

more  in  particular  parts,  acquires  the  peculiar  form  which  characterizes 
the  texture  to  he  fabricated.  The  chemical  composition  of  this  element- 
ary stracture  is  identical  with  starch.  In  every  vegetable,  whether  the 
oak  or  the  fungus,  this  primitive  membrane  presents  the  same  character ; 
and  all  the  beautiful  and  apparently  complicated  tissues  of  vegetables  are 
but  modifications  and  expansions  of  these  simple  elementary  nucleated 
vesicles. 

♦  See  Pict  Atlas,  Supplem.  Notes,  p.  175,  Ac,  for  a  sketch  of  the 
history  of  Fossil  Botany,  with  an  outline  of  Ad.  Bronjniiarfs  Clas«ificntiun 
of  Fossil  Plants,  derived  from  the  "  Mm.  Mas.  Nat.  Hist."  1822. 
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latter  character  is  of  peculiar  importance,  because  all  the 
other  classes  are  destitute  of  a  central  cellular  column. 

In  some  groups  of  dicotyledonous  trees  the  elongated  cells, 
or  wood-fibres,  are  studded  with  minute  pits  or  transparent 
spots  {Jig,  6)  ;  and  this  is  particularly  the  case  in  the  Cbnt- 
fer<B^  or  cone-hearing  trees ;  so  called  from  the  fruit  being  in 
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Lion,  in.— iLLVBTXATiosfl  or  tboktablb  nwccrvmM. 

Fiff.  1.   CroM-  MCtloo  of  a  eaaifmrai  tree,  showUiff  the  conocntrio  aad  radiated  •tTvetvra. 
2.    LonfitodiDAl  eeotioo  of  a  fragment  of  piae-wood,  hlflOy  MafnWed  to  exkiUt  die 
spotted  fibres. 
Loaifltadlnal  sectton  of  two  lltMres  of  aa  AiaacaHa,  hlgkl7  MafalflaA  t»  Aov  tbo 
spots  ananced  altenwtely. 

4.  A  dicotyledonous  seed  split  open ;  the  genn  is  seen  in  tiie  middle* 

5.  Section  of  a  monoootyledonons  seed,  with  the  gefm  btf ew. 
••   Dotted  fibres  of  cooifSsroas  wood. 

7.  Transrerse  section  of  a  raoBoeotyledoDOOs  stem. 

8.  Traasrene  section  of  a  dlcotyledoaoaa  tzte,  showlnf  eoaecntiie  dvdca,  nsedmiayy 

rays,  and  the  central  pitk 

the  form  of  a  cone,  as  in  the  pine,  fir,  <fcc.     Transrerse  sec- 
tions of  the  stems  of  these  trees  show  the  concentric  layers. 
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or  annular  rings,  and  radiated  structure  peculiar  to  tlie  di- 
cotyledonous class.  All  the  trees  of  this  order  secrete  resin, 
hare  branched  trunks,  and  linear,  rigid,  entire  leaves  :  species 
are  found  in  the  coldest  as  well  as  in  the  hottest  regions.  In 
this  magnified  view  of  a  slice  of  the  common  fir  (^y.  2),  the 
pita  axe  seen  to  be  arranged  in  double  parallel  lines.  In  a 
remarkable  family  of  pines,  the  Araueariw,  these  little  spots 
are  placed  alternately,  and  sometimes  in  triple  rows.  The 
Arauearia  is  a  native  of  and  peculiar  to  Norfolk  Island,  in 
the  South  Pacific.  This  small  island,  which  is  only  about 
fifteen  miles  in  circumference,  presents  a  scene  of  the  most 
luxuriant  vegetation,  and  abounds  with  this  particular  group 
of  pines,  some  of  which  attain  a  height  of  two  hundred  feet, 
and  a  circumference  of  thirty. 

In  the  Boyal  Botanic  Ghurden  of  the  University  of  Breslau 
is  a  fossil  stem  of  the  Finitea  proiolarix  (from  the  Brown- 
coal  of  Laasan  in  Silesia),  which  is  thirty-six  feet  in  circum- 
ference, which  is  reputed  to  have  possessed  between  4000 
and  5000  annual  rings !  (Oosppert.  See  p.  671).  The  living 
WelUngtonia  or  Sequoia  gigantea  has  a  height  of  three  hun- 
dred feet,  and  a  diameter  of  from  twenty  to  thirty  feet. 

Even  in  the  foliage  of  the  different  families  of  plants,  there 
are  such  obvious  distinctive  characters  that  the  botanist  can 
often  from  a  mere  fragment  of  a  leaf  detect  the  dicotyledo- 
noua  structure  in  the  reticulated  nervation  of  a  leaf,  as  in 
that  of  the  oak ;  and  the  monocotyledonous,  in  the  smooth 
parallel  veins  in  that  of  the  lily.  The  application  of  these 
principles  to  the  investigation  of  the  fossil  remains  of  vege- 
tables we  may  now  consider. 

23.  Cldcatb  akd  Seasons  ii!n)iOATED  bt  Fossil 
Wood. — In  the  course  of  these  Lectures,  it  has  been  de- 
monstrated how,  by  a  knowledge  of  comparative  anatomy, 
the  form,  structure,  and  economy  of  beings  long  since  ob- 
literated from  the  face  of  the  earth  may  with  certainty 
be  determined ;  in  like  manner,  by  the  aid  derived  from  a 
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few  botanical  principles,  we  may  not  onlj  discover  the  form 
and  character  of  vegetables  of  which  but  the  faintest  vestiges 
remain,  but  also  point  out  important  inferences  relating  to 
the  state  of  the  earth,  the  nature  of  the  climate,  and  even  of 
the  seasons  which  prevailed  at  the  periods  when  those  plants 
flourished.  Mr.  Babbage  has  admirably  exemplified  the  in- 
ductive process  by  which  such  results  may  be  obtained : — 

"  We  have  seen  that  dicotyledonous  trees  increase  in  size  by  the  de- 
position of  an  additional  layer  annually  between  the  wood  and  the  bark ; 
and  that  a  transverse  section  of  such  trees  presents  the  appearance  of  a 
series  of  nearly  concentric  irregular  rings,  the  number  of  which  indicates 
the  age  of  the  tree.  The  relative  thickness  of  these  annular  markings 
depends  on  the  more  or  less  flourishing  state  of  the  plant  during  the 
years  in  which  they  were  formed.  Each  ring  may,  in  some  trees,  be  ob- 
served to  be  subdivided  into  others,  thus  indicating  successive  periods  of 
the  same  year  during  which  its  vegetation  was  advanced  or  checked. 
These  rings  are  disturbed  in  certain  parts  by  irregularities  resulting  from 
branches ;  and  the  year  in  which  each  branch  first  sprang  front  tjie  pa- 
rent stock  may  therefore  be  ascertained  by  proper  sections.  These  pro- 
minent effects  are  obvious  to  our  senses;  but  every  shower  that  falls, 
every  change  of  temperature  that  occurs,  and  every  wind  that  blows, 
leaves  on  the  vegetable  world  the  traces  of  its  passage;  slight,  indeed, 
and  imperceptible  perhaps  to  us,  but  not  the  less  permanently  recorded 
in  the  depths  of  those  woody  fabrics. 

"  All  these  indications  of  the  growth  of  the  living  tree  are  preserved  in 
the  fossil  tnmk,  and  wiih  them  also  frequently  the  history  of  its  partial 
decay.  Let  us  now  examine  the  use  we  can  make  of  these  details  rela- 
tive to  individual  trees,  when  considering  forests  submerged  by  seas,  im- 
bedded in  peat-mosses,  or  transformed,  as  in  some  of  the  harder  strata, 
into  stone.  Let  us  imagine  that  we  possessed  sections  of  the  trunks  of 
a  considerable  number  of  trees,  such  as  those  occurring  in  the  stratum 
called  the  Dirt-bed  in  the  Island  of  Portland.*  If  we  were  to  select  a 
number  of  trees  of  about  the  same  size,  we  should  possibly  find  many  of 
them  to  have  been  contemporaries.  This  fact  would  be  rendered  pro- 
bable, if  we  observed,  as  we  doubtless  should  do,  on  examining  the  an- 
nual rings,  that  some  of  them,  conspicuous  for  their  size,  occurred  at  the 
same  distances  of  years  in  several  trees.  If,  for  example,  we  found  on 
several  trees  a  remarkably  large  annual  ring,  followed  at  the  distance  of 

•  See  above,  vol.  i.  p.  398. 
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MTcn  years  by  a  remarkably  thin  ring,  and  this  again,  after  two  years, 
succeeded  by  another  large  ring,  we  sliould  reasonably  infer  from  these 
trees,  that,  seven  years  after  a  season  highly  favourable  to  their  growth, 
there  had  occurred  a  season  unfavourable  to  them ;  and  that  after  two 
more  years,  another  very  favourable  season  had  happened ;  and  that  all 
the  trees  so  observed  had  existed  at  the  same  period  of  time.  The  na- 
ture of  the  season,  whether  hot  or  cold,  wet  or  dry,  would  be  known  with 
some  degree  of  probability,  from  the  class  of  tree  under  examination. 
This  kind  of  evidence,  though  slight  at  first,  receives  additional  and  great 
confirmation  by  the  discovery  of  every  new  ring  which  supports  it ;  and, 
by  a  considerable  concurrence  of  such  observations,  the  succession  of 
seasons  might  be  ascertained  in  geological  periods,  however  minute." 

24.  Microscopic  examination  of  fossil  trees.* — 
The  discovery  of  a  process  by  which  the  structure  of  fossil 
Tegetables  can  be  examiued  with  as  much  facility  as  that  of 
recent  plants,  has  shed  an  unexpected  light  on  the  ancient 
botany  of  our  planet.  On  this  plate  of  glass  you  perceive  a 
thin  filn)  of  a  dark  substance,  apparently  of  varnish.  It  is 
a  slice  of  the  blackest  jet ;  and,  if  held  between  the  eye  and 
the  liglit,  appears  of  a  rich  brown  colour,  and  displays  a  lig- 
neous structure,  resembling  that  of  deal  or  fir :  it  is,  in  fact, 
a  thin  section  of  fossil  coniferous  wood ;  for  jet  is  nothing 
more  than  the  wood  of  some  species  of  fir  or  pine,  that  has 
undergone  the  process  of  bituminization,  as  I  shall  presently 
explain.  When  viewed  under  a  microscope,  the  small  pit- 
tings,  which  I  have  mentioned  as  peculiar  to  the  Conifer  a 
{Lign.  10,2,  figt.  2  and  3),  are  distinctly  visible.  The  other  spe- 
cimens before  us  are  silicified  woods,  prepared  in  the  same 
manner.  A  few  words  in  explanation  of  the  mode  by  which 
sections  of  such  extreme  thinness  are  obtained  may  not  be 
uninteresting.  A  slice  is  first  cut  from  the  fossil  wood  by 
tiie  usual  process  of  the  lapidary  ;  one  surface  is  ground  per- 
fectly flat,  and  polished,  and  then  cemented  to  a  piece  of 
plate-glass  by  means  of  Canada-balsam  ;  the  slice  thus  firmly 
attached  to  the  glass  is  next  ground  down  to  the  requisite 

*  Medals  of  Creation,  vol.  i.  p.  G5. 
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degree  of  tenuitj,  so  as  to  permit  its  structure  to  be  seen 
by  the  aid  of  the  microscope.  It  is  by  this  ingenious  pro- 
cess that  the  intricate  structure  of  any  fossil  plant  can  now 
be  investigated,  and  the  nature  of  the  original  determined 
with  as  much  accuracy  as  if  it  were  recent.* 

A  method  discovered  by  Dr.  Fnuu  Schuli,  of  detecting  the  internal 
vegetable  structure  in  lignite,  coal,  anthracite,  Ac,  consists  in  treating  the 
coal  with  nitric  acid  in  a  platinum-vessel,  and  then  evaporating  the  add 
by  a  moderate  heat,  and  igniting  the  residue  until  no  further  empyren- 
matic  vapours  are  given  off;  the  residue  is  submitted  to  the  action  of 
nitric  acid,  and  the  ignition  repeated.  Thus  prepared,  the  coal  is  placed 
in  a  platinum-crucible  with  a  lid  perforated  in  the  centre,  and  air  is  blown 
from  a  gasometer  through  the  aperture  in  the  lid,  while  the  crucible  is 
kept  at  a  red  heat  over  a  spirit-lamp,  so  that  the  coal  is  slowly  oon- 
srnned.  The  ash  thus  obtained  is  not  in  the  state  of  coke,  as  would  be 
the  case  in  the  ordmary  method  of  incineration,  but  forms  a  brown  pow- 
der full  of  white  splinters.  These  splinters,  on  microscopical  examin- 
ation, are  found  to  be  the  silicious  cellular  structure  of  the  original 
vegetable.  By  this  process  vegetable  tissue  has  been  detected  in  the 
anthracite  or  stone-coal  of  Pennsylvania,  by  Dr,  Baily.f 

The  experiments  and  observations  on  the  structure  of  plants  by  the 
Rev.  J.  B.  Reade  have  brought  to  light  some  interesting  facts  in  illustra- 
tion of  this  subject.  Mr.  Reade  states  that  "  by  the  agency  of  heat  the 
surrounding  silicious  matter  may  be  liquefied,  and  the  carbon  and  gas- 
eous products  of  the  wood  dispelled,  while  the  essential  characters  of  the 
fibrous  and  cellular  structure  are  undisturbed.  The  unconsumed  por- 
tions, which  alone  constitute  the  true  vegetable  frame-work,  are  thus,  asr 
it  were,  mounted  in  the  fluid  silica.  This  property  of  vegetable  fibre  of 
retaining  its  form,  notwithstanding  the  action  of  a  high  temperature,  sug- 
gested to  me  the  probability  of  detecting  structure  in  the  ashes  of  coal ; 
and  upon  examination,  I  found  that  the  white  ashes  of  'slaty  coal '  fur- 
nish most  beautiful  examples  of  vegetable  remains."  In  a  subsequent 
paper  the  author  adds  the  following  remarks : — "  Having  ascertained 

•  See  H.  Witham's  "  Observations  on  Fossil  VegeUbles,"  with  plates 
of  the  internal  structure  of  plants ;  also  Prof.  J.  Quekett's  *'  Hiitologicai 
Lectures,"  and  "Histol.  Catal.  Roy.  Ck>Il.  Surgeons;"  Alex.  Bryson's 
paper  on  Preparmg  Fossils  for  Microscopic  Investigation,  Edinb.  New 
Phil.  Journ.  N.  S.  vol.  iii.  p.  297 ;  and  Dr.  Carpenter's  Mienueope. 

t  American  Journal  of  Science,  2nd  series,  vol.  ii.  p.  124. 
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thmi  the  sUicious  organization  of  recent  plants  U  not  destructible,  even 
under  the  blow-pipe,  it  appeared  to  me  a  natural  inference,  that  the  less 
intense  heat  of  a  common  fire  would  not  destroy  this  silicious  tissue  in 
the  coel-planu ;  and  my  opinion  has  been  confirmed,  for  1  have  detected  in 
Uie  white  ashes  of  coal  all  the  usual  forms  of  vegetable  structure,  yiz.  cellu- 
kr  tissue,  smooth  and  spiral  fibre,  and  annular  ducts.  A  comparison  of  the 
ashes  of  coal  with  those  of  recent  plants  would  doubtless  afibrd  some 
farther  insight  into  the  nature  of  fossil  regetables..  To  mention  only  one 
instance, — I  have  ascertained  that  the  lumps  of  carbonized  matter  which 
occur  AbundanUy  in  the  Upper  Sandstone  near  the  Spa  at  Scarborough 
are,  in  all  probability,  portions  of  the  stems  of  some  arundinaceous  or 
gramineous  plants.  The  structure  of  the  epidermis  is  precisely  similar 
to  th&t  of  the  oat,  consisting  of  parallel  columns,  set  with  fine  teeth,  dove- 
tailing, as  it  were,  into  each  other,  ^while  the  underlying  tissue  consists 
ot  cnbical  cells,  a  thin  horizontal  section  exhibiting  a  series  of  squares. 
From  these  facts  it  is  evident,  that  the  true  framework  and  basis  of  ve- 
geuble  structure  in  the  plants  of  coal  is  not  only  entirely  independent-of 
cairbon,  but  that  it  has  also  resisted  the  bituminous  decomposition  which 
has  converted  all  the  carbonaceous  materials  into  a  highly  inflammable 
substance."  * 

Another  plan  for  facilitating  the  microscopical  examination  of  coal  is 
as  follows :  f— Soak  the  coal  or  lignite  in  a  saturated  solution  of  carbonate 
of  soda  for  firom  ten  to  fourteen  days,  when  it  will  be  much  softened,  and 
fine  slices  may  be  cut  from  it  with  a  razor  or  scalpel ;  place  the  slices  in 
strong  nitric  acid,  until  they  become  somewhat  bleached ;  use  them  with- 
out delay,  and,  if  desirous  of  preserving  the  preparations,  mount  them  in 
glycerine. 

Prof.  Morris  recommends  a  ready  mode  of  preparing  coal  for  exa- 
mination,— boiling  the  small  fragments  in  nitric  acid,  wadiing,  and  exa- 
mining them  at  once. 

25.  Watubb  op  Coal. — In  this  stage  of  our  inquiry 
the  nature  of  the  process  by  which  vegetables  are  converted 
into  the  mineral  substance  termed  Coal  requires  additional 
consideration. 

Under  the  microscope  a  thin  slice  of  true  coal  exhibits  minute,yelIowiBh, 
semi-transparent  particles,  with  an  intermediate  deep-brown  substance. 
The  amber-coloured  material  is  of  a  bituminous  nature,  and  so  volatile 

*  Journal  of  Science,  vol.  ii.  p.  413. 

f  For  the  explanation  of  this  method,  the  Editor  is  indebted  to  Prof. 
Hcnfrey.    See  aJao  Micrograph,  Diet. 
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as  to  be  readily  expelled  by  heat  before  the  texture  of  the  coal  is  de- 
stroyed. When  the  slice  is  takeo  in  one  direction,  the  yellow  particles  are 
seen  to  be  elongated ;  when  cut  at  right  angles,  minute  circular  cross-sec- 
tions of  these  bituminous  bodies  are  observed,  appearing  like  cells  packed 
closely  together.  The  intermediate  brown  substance  consists  of  vegetable 
fibres  and  earthy  matter.  The  lengthening  out  of  the  component  yel- 
low particles  is  evidently  due  to  the  compression  of  layer  on  layer  of  the 
carbonaceous  matter;  hence  the  readiness  with  which  coal  usually 
breaks  into  cubical  masses ;  the  line  of  fracture  passing  between  and  pa- 
rallel with  the  compressed  particles  on  four  sides  of  the  cube,  and  across 
them  at  right  angles  to  their  length,  on  the  other  two  sides  of  the  cube. 
The  same  rule  is  necessarily  followed  in  the  cleavage  of  every  substance 
containing  either  elongated  particles  or  elongated  cavities, — whether  it  be 
clay-slate  or  mica-schist,  timber  or  pie-crust 

The  yellow  bituminous  particles  in  the  coal  are  the  chemical  result  of 
the  decomposition  of  the  old  vegetable  matter,  consisting  of  the  loose 
woody  and  pithy  tissue,  chiefly  oi  SigiUarim,,  Ltpidodendra,  and  CeilamUes, 
which  formed  the  great  swamp-jungles  of  the  coal -period.  Layer  after 
layer  of  these  dead  trees  accumulated  as  swampy  peat,  intermingled  here 
and  there  with  tree-fenis  and  coniferous  trees,  brought  from  higher  ground 
by  floods  and  freshets,  and  occasionally  overlaid  by  sand- and  clay-beds ; 
and  the  pulpy  mass  of  black  carbonaceous  mud,  similar  to  what  may  now 
be  found  at  the  mouths  of  the  tropical  rivers  and  in  the  swamps  of  the  Mis- 
sissippi, underwent  those  gradations  of  change  which  converted  the  woody 
fibre  of  the  plants  into  the  hydrocarbon  of  the  coal.  Hence  the  endless 
varieties  of  cannel-coal  and  ordinary  coal.  The  former  not  unfrequently 
contains  the  remains  ot  AnthraeotMRj  Myalinm^  and  Fishe:),  and,  at  Pictou, 
of  Reptiles.  Cannel-coal  has  more  earthy  and  animal  matter  than  common 
coal  contains ;  and  frequently  alternations  of  thin  layers  of  earthy  cannel 
and  bright  black  bituminous  coal  are  observable  in  common  coal. 

The  Boghead  or  Torbane  Hill  coal  ("  Bitumenite"  of  Dr.  Trail)  appears 
to  be  a  modification  of  the  usual  form  of  cannel-coal ;  the  constituent  bi- 
tuminous particles  being  larger,  less  compressed,  and  more  radiated  in  their 
inner  structure.  The  **Albertite,*'  found  at  Hillsborough,  New-Bruns- 
wick, is  still  more  bituminous,  and  is  amorphous  in  its  composition. 

In  the  dust  and  the  ashes  of  coals  fragments  of  reticulated  and  dotted 
tissue,  and  of  pitted  fibres,  may  h^  readily  found,  forming  interesting  mi- 
croscopical objects.  The  scalariform  tissue  of  Sigillaria  is  not  unfrequent 
in  the  cannel-coals.  Even  in  the  anthracite  or  stone-coal  of  North 
America,  which  is  a  hard  slaty  rock,  the  vascular  tisBue  may  be  rendered 
distinctly  visible.  -' 

The  best  specimens  of  pitted  fibre  (coniferous  wood)  are  obtamed  from 
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the  dusty  charooal-Iike  substance  often  seen  on  fresh  surfaces  of  coal. 
Thi4  "mother-charcoal**  is  supposed  to  be  the  relics  of  the  drifted  coni- 
fers, the  wood  of  which  appears  not  to  have  readily  mingled  with  the 
swamp-peat.* 

Mr.  Parkinson,  whose  work  on  Organic  Remains  abounds  in  interest- 
ing observations  and  experiments  on  the  fofwilization  of  vegetable  sub- 
stances, has  argued,  that  the  formation  of  coal  has  depended  upon  a 
diao^  which  all  vegetable  matter  undergoes  when  exposed  to  heat  and 
moisture,  under  circumstances  that  exclude  the  air,  and  prevent  the 
escape  of  the  more  volatile  principles. f  In  this  condition,  a  fermentation, 
which  he  terms  the  bituminous,  takes  place,  of  which  the  phenomenon 
exhibited  by  mow-bumt  hay  ia  a  familiar  example.  The  production  of 
sugar,  and,  by  continuance  of  the  process,  of  vinegar,  is  effected  by  ve- 

•  Besides  the  works  of  Lyell  already  alluded  to,  and  I)e  la  Beche's 
"Geolog,  Observer,"  and  other  general  treatises,  especially  Prof  Ansted's 
••  Elem.  Course  of  Geology,"  &c.,  the  student  is  especially  referred,  for 
the  consideration  of  the  nature  and  structure  of  coal,  to  the  following 
works  :  Dr.  Redfern  *'  On  the  Nature  of  the  Torbane  Hill  and  other  Va- 
rieties of  Coal,"  Quart.  Joum.  Microsc.  Science,  vol.  iii.  p.  106;  Prof. 
Balfour  "On  the  Structure  of  Coal,"  Annals  Nat.  Hisi.  2nd  scr.  vol.  xiv. 
p.  229 ;  Prof.  Quekett  '*  On  the  Intimate  Structure  of  a  Peculiar  Com- 
bustible Mineral  from  the JCoal -measures  of  Torbane  Hill,  near  Bathgate, 
Linlithgowshire,"  Transact  Microsc.  Soc.  N.  S.  vol.  ii.  p.  34 ;  Dr. 
Hooker  **0n  the  Vegetation  of  the  Coal-period,"  Mem.  Geol.  Survey, 
vol.  ii.  part  2;  Prof.  Harkness  "On  Coal."  Edinb.  N.  Ph.  Joum.  vol. 
Ivii.  p.  66,  and  "  On  Mineral  Charcoal,"  ii.  N.  S.  vol.  i.  p.  73  ;  Prof.  J.  W. 
Dawson  "On  the  Coal-meaiiures  of  the  South  Joggins,"  Quart.  Joum. 
Geol.  Soc.  vol.  X.  p.  1 ;  Mr.  G.Tate's  "Fossil  Flora  of  the  Mountain- 
Limestono  Formation  of  the  Eastern  Borders ; "  and  his  papers  on  the 
subject  in  the  Trans.  Berwicksh.  Nat.  Field-club,  vol.  iii.  pp.  134,  195, 
and  218;  and  Mr.  Newberry  "On  Cannel-coal,"  Americ.  Joum.  Science^ 
2nd  ser.  vol.  xxiiL  p.  212,  and  Edinb.  N.  Ph.  Joum.  N.  S.  vol.  v.  p.  3ei4 
and  vol.  vi.  p.  368. 

Many  valuable  remarks  on  the  similarity  of  physical  and  chemical  con- 
ditions exhibited  by  peat-moss,  lignite,  and  coal  are  to  be  found  in  the 
*<  Essays  on  the  Natural  History  and  Origin  of  Peat-moss,"  by  the  Rev. 
R.  Rennie,  8vo,  Edinburgh,  1810 ;  and  also  in  Leo  Lesquereux*8  Me- 
moir in  the  Bullet.  Soc.  Sc.  Nat.  Neuch&tel,  vol.  i.  p.  471,  and  Quart. 
Joum.  Geol.  Soc.  vol.  iv.  part  2,  Miscell.  p.  30 

t  Organic  Remains  of  a  Former  World,  vol.  i.  p.  181. 
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getable  fermentation  in  the  open  air.  In  the  procen  of  hay-making,  the 
saccharine  fermentation  is  induced,  and  the  grass  acquires  a  peculiar  fra- 
grance and  sweetness ;  but  in  wet  seasons,  when  the  hay  is  prematurely 
heaped  together,  the  volatile  principles  cannot  escape  from  the  inner  mass 
of  vegetable  matter,  heat  is  rapidly  evolved,  a  dense  vapour  exhales,  and 
at  length  flames  break  forth,  and  the  stack  is  consumed.  When  the 
process  is  interrupted,  and  combustion  prevented,  the  hay  is  found  to 
have  acquired  a  dark-brown  colour,  a  glazed  or  oily  surface,  and  a  bitu- 
minous odour.  Were  vegetable  substances,  under  the  circumstances 
here  described,  placed  beneath  great  pressure,  so  as  to  confine  the  gaseous 
elements,  bitumen,  lignite,  or  coal  might  be  produced,  according  to  the 
various  modifications  of  the  process.  Vegetable  matter  is  thus  traced 
through  every  stage  of  the  saccharine,  vinous,  acetous,  and  bituminous 
fermentations  ;  producing  alcohol,  ether,  naphtha,  petroleum,  bitumen, 
amber,  and  even  the  diamond ;  and  explains  that  by  the  process  of  bitu- 
minization  stems  and  branches  have  been  converted  into  brown-coal, 
lignite,  jet,  coal,  and  anthracite. 

According  to  analyses  made  at  the  Museum  of  Practical  Geology  * 
the  Newcastle  coal  has  a  specificgravity,  varying  from  1.23  to  1.31,  and 
consists  of 


Carbon      from  78.01 

to  85.58 

Hydrogen   —     5.04 

—    5.56 

Nitrogen     —     0.72 

—    1.84 

Sulphur       —     0.71 

—    1.85 

Oxygen       —     2.40 

—  10.31 

Ash             —     2.14 

—   9.12 

The  percentage  of  coke  left  by  this  coal  varies  from  35.60  to  72.31. 

Iron-  and  copper-pyrites  abound  in  many  of  the  beds  of  coal ;  f  and, 
indeed,  these  metallic  substances  are  very  generally  met  with  in  ac- 
cumulations of  carbonized  vegetables.  The  carburetted  hydrogen,  with 
the  acid  and  extractive  matter,  resulting  from  vegetable  decomposition, 
are  adequate  to  produce  copper-pyrites,  and  even  metallic  copper,  from 
water  holding  salts  of  copper  in  solution.  The  p3rrites  so  abundant  in 
the  Wealden  strata  of  the  Isle  of  Wight,  in  the  Gault,  the  Kimmeridge 
Clay,  the  Lias,  and  other  formations  has  originated  from  this  cause. 

Prof.  W.  B.  Rogers  has  some  interesting  remarks  on  the  origin  and 
accumulation  of  the  proto-carbonate  of  iron  in  coal-measures,  in  SilUman's 

*  The  Parliamentary  "  Reports  on  the  Coals  suited  to  the  Steam  Navy," 
hy  Sir  De  la  Beche  and  Dr.  L.  Playfair,  1848-^1. 

t  Some  observations  on  the  presence  of  certain  metals  in  coal  will  bo 
found  in  the  Report  of  the  Brit.  Assoc  1856,  Sect.  p.  51. 
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Journal,*  where  he  shows  that,  accompanying  the  coal-beds,  were  depo- 
sits containing  much  organic  matter,  and  impregnated  with  sesquiozide 
of  iron,  which  by  the  influence  of  the  changing  vegetable  matter,  and  the 
emitted  carburetted  hydrogen  and  carbonic  acid,  became  conyerted  into 
the  protocarbonate.    (See  p.  767,  note.) 

26.  LiEBia  OK  THB  FOBMATION  OF  CoAL. — The  nature 
of  these  changes  is  thus  explained  by  the  eminent  chemist, 
Baron  Liebig.  Vegetable  substances  after  death  undergo 
two  processes  of  decomposition ;  namely — 

ist.  Fermentation  or  decay,  which  is  a  slow  process  of  combustion  (ere- 
macttueie),  in  which  the  combustible  parts  of  a  plant  unite  with  the 
oxygen  of  the  atmosphere ;  for  the  decay  of  woody  libre  in  contact 
with  air  or  oxygen  conyerts  the  latter  into  an  equal  yolume  of  car- 
bonic acid ;  the  presence  of  water  and  a  certain  temperature  being 
necessary.    Woody  fibre  in  a  state  of  decay  forms  humta. 
2dly.  Mouldering  or  putrefaction  of  wood  subjected  to  the  action  of 
water,  and  more  or  less  excluded  from  the  air.    When  pure  lig- 
neous fibre,  as  linen,  for  example,  is  placed  in  contact  with  water, 
considerable  heat  is  evolved,  and  the  vegetable  matter  loses  its 
coherence,  and  becomes  a  soft  friable  mass ;  in  short,  it  undergoes 
A  true  putrefaction. 
When  all  access  to  air  is  excluded  and  consequent  oxidation  and  a 
removal  of  a  certain  quantity  of  hydrogen,  then  other  changes  ensue,  and 
true  mineral  coal  containing  combustible  oils  is  the  result.     In  deposits 
of  wood-coal  changes  are  still  going  on,  as  is  proved  by  the  issue,  from 
clefts  in  the  rocks  of  the  coal-formation,  of  inflammable  gases ;  such  as 
carburetted  hydrogen,  nitrogen,  and  defiant  gas.    Thus  from  the  con- 
tinual removal  of  oxygen,  in  the  form  of  carbonic  acid,  from  layers  of 
wood-coal,  that  substance  gradually  approaches  in  its  composition  to 
mineral  coal.     From  the  latter  hydrogen  is  disengaged  in  the  form  of  a 
compound  (hydro-carbon) ;  and  the  removal  of  all  the  hydrogen  gives 
rise  to  anthriicite  or  stone -coal. f 

The  chemical  changes  of  this  nature,  which  are  continually  taking 
place  in  carboniferous  deposits,  give  rise  to  those  evolutions  of  carbonic 
acid  (choke-damp)  and  carburetted  hydrogen,  or  fire-damp^  which  are 
frequently  so  fatal  to  the  miners.  And  it  is  a  fact  worthy  of  remark,  as 
corroborative  of  the  opinions  above  advanced,  that  the  bituminous  quality 

♦  New.  Ser.  vol.  xxi.  p.  339. 

t  Liebig's  Chemistry,  translated  by  Professor  Play  fair. 
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of  the  coal  depends  on  the  natute  of  the  bed  which  immediately  coven  kL 
If  this  be  argillaceous  shale,  the  escape  of  the  gaseous  matter  of  the  coal 
is  prevented  $  but,  if  the  roof  be  arenaceous,  the  gas  is  evolved  from  the 
eoal,  and  collects  in  the  innumerable  fissures  and  pores  of  the  sandstone, 
which  become  filled  wiih  carburetted  hydrogen,  and  form  as  it  were  a 
gasometer,  ready  to  explode  upon  any  occasion.  Mr.  Hutton  is  of  opinion 
that  this  gas  exists  in  a  highly  condensed,  and  even  liquid,  state  in  the 
pores  of  the  coal ;  and  that  the  small  explosions  (termed  by  the  miners 
eructations)  which  often  take  place  when  the  coal  is  struck  with  a  pick, 
are  due  to  the  sudden  expansion  of  the  condensed  gas.* 

Carburetted  hydrogen  obtained  artificially  from  coal,  peat,  oil,  and 
wood,f  is  well  known  as  "gas,"  of  which  such  large  supplies  are  now 
needed  for  the  lighting  of  our  towns.  This  gas  is  thrown  out  naturally  from 
the  coal-deposits  of  many  districts ;  and  is  sometimes,  under  those  circum- 
stances, used  for  economical  purposes.^  The  fire-temples  of  Western 
Asia  were,  and  still  are,  supplied  from  this  source ;  at  some  salt-works  in 
China,  they  have  long  used  this  inflammable  gas  in  evaporating  the  brine» 
and  lighting  the  premises ;  the  town  of  Fredonia,  in  New  York  State,  is 
lighted  by  means  of  a  local  supply  of  the  gas ;  in  the  Hepburn  Colliery, 
the  gas  from  the  coal  is  used  to  li^t  the  stables ;  and  at  Wallsend,  a  large 
quantity  of  gas  (11,000  hogsheads  a  minute)  is  brought  to  the  surface  by 
iron  pipes,  and  wasted. 

27.  BiTUMEK,  PxTBOLBUM,  Naphthjl. — The  changes  ef- 
fected in  vegetable  matter  during  its  conversion  into  coal 
also  give  rise  to  various  bituminous  productions. 

Mineral  oil  is  an  inflammable  fluid  which  often  oocun  in  carboniferous 
deposits,  sometimes  forming  powerful  springs.  Ntg^hiha  is  another  liquid 
of  this  nature,  which  is  nearly  colourless  and  transparent,  bums  with  a 
blue  flame,  emits  a  strong  odour,  and  leaves  no  residuum.  In  driving  a 
level  through  coal-shale  in  Derbyshire,  springs  of  naphtha  burst  forth,  and 
covered  the  surfiskce  of  the  water  in  the  level ;  and,  having  been  accident- 

*  Sir  H.  De  la  Beche,  Geological  Manual,  3d  edit 

t  An  interesting  Report,  on  the  Produce  and  Value  of  Wood-gases,  is 
published  in  the  Franklin  Institute  Journal,  No.  380,  Aug.  1857,  p.  126. 

t  De  la  Beohe's  Geol.  Observ.  p.  409 ;  Tate's  Fossil  Flora  of  the 
Eastern  Borders,  p.  316.  See  also  Report  of  Lyell  and  Faraday,  on  the 
Explosion  at  the  Haswell  Collieries,  8vo,  1844 ;  with  Vertical  Section  of 
the  Haswell  Colliery,  Durham:  also  other  Parliamentary  Reports  on 
Gases  and  Explosions  in  Collieries,  by  De  la  Beche  and  otheia. 
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aUy  set  on  fiie  by  the  approach  of  a  candle,  formed  a  boming  spring, 
idiich  continaed  some  weeks. 

PeAioietcm  is  of  a  dark  colonr,  and  thicker  than  common  tar ;  in  the 
eaxboniferous  strata  of  Coalbrbok  Dale,  and  in  some  parts  of  Asia,  this 
substance  rises  from  ooal-beds  in  immense  quantities.  Prom  a  careful 
analysis  of  petroleum  and  certain  turpentine-oils,  it  is  clear  that  their 
principal  component  parts  are  identical ;  and  it  therefore  appears  probable 
that  petroleam  has  originated  from  the  coniferous  trees  whose  remains 
have  contributed  so  largely  to  the  formation  of  coal ;  and  that  the  n%> 
Beral-oil  is  nothing  more  than  the  turpentine-oil  of  the  pines  of  former 
ages, — ^not  only  the  wood,  but  also  large  accumulations  of  the  needle-like 
IcsTes  of  the  pines,  may  have  contributed  to  this  process.  We  thus  hare 
the  satisfaction  of  obtaining,  after  the  lapse  of  thousands  of  years,  in- 
fonmition  as  to  the  more  intimate  composition  of  those  ancient  forests  of 
the  period  of  the  great  coal-formation,  whose  comparison  with  the  pre- 
sent Tegetation  of  our  globe  is  a  subject  of  so  much  interest.  The  mi- 
neral oil  may  be  ranked  with  amber,  succinite,  and  other  similar  bodies 
which  occur  in  the  strata.  The  springs  of  petroleum  do  not  seem  to  de- 
pend on  combustion,  as  has  been  supposed,  but  to  be  simply  the  effect  of 
subterranean  heat  According  to  tlie  information  we  now  possess,  it  is 
not  necessary  that  strata  shouldybemi-A  very  great  depth  beneath  the 
svriace  to  acquire  a  temperature  equal  to  the  boiling  point  of  water  or 
of  mineral  olL  In  such  a  position  the  oil  must  have  suffered  a  slow  dis- 
tillation, and  haTe  found  its  way  to  the  surface ;  or  have  so  impregnated 
a  portion  of  the  earth,  as  to  form  springs  or  wells,  as  in  various  parts  of 
Persia  and  India.* 

Bitumen  is  an  inspissated  mineral  oil,  of  a  dark-brown  colour,  with  a 
Strang  odour  of  tar.  In  the  Odin  mine  of  Derbyshire,  elastic  bitumen  oc- 
cars,  being  of  the  consistence  of  thick  jelly,  and  bearing  some  resem- 
blance to  soft  India-rubber ;  as  it  will  remove  the  traces  of  a  pencO,  it 
has  been  named  "  minenki  caoutchouc.'"  Some  bitumens  possess  the  co- 
lour and  transparency  of  amber :  the  soft  varieties  may  be  rendered  solid 
by  heat. 

From  these  bituminous  substances,  we  pass  by  an  easy  transition  .to 
if  Mkr,  t  of  whidi  we  have  already  spoken  <  p.  245) ;  for  "  black  amber," 

*  Dr.  Reicbenbach.  The  bituminous  products  of  the  border-countries 
of  Tuikey  and  Persia  are  described  by  Mr.  Loftos,  in  the  GeoL  Soc. 
iaaxtL  vol.  xii.  p.  269. 

f  In  Liebig's  opinion,  amber,  fossil  resin,  and  mellite  are  the  products 
of  vegetable  matter  that  has  suffered  ertmaetntM  or  decay.  They  are 
foood  in  wood  or  brown-coal,  and  have  evidently  proceeded  from  the  de- 
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both  in  its  appearance  and  composition,  closely  resembles  the  solid  bi- 
tumens. 

A  mineral  called  MellUe,  or  honey-stone,  from  its  coloor,  is  found 
among  the  bituminous  wood  of  Thuringia,  and  in  its  chemical  com- 
position, and  electrical  properties,  bears  a  great  analogy  to  amber ;  it  is 
usually  crystallized  in  small  octahedrons.* 

28.  The  Diamokd. — The  chemical  constituents  of  the 
svbstances  above  described  are  chieflj  carbon  and  hydrogen, 
with  a  small  proportion  of  oxygen,  the  essential  elements  of 
vegetable  matter.  But  the  Diamond  is  pure  carbon  ;  at  a 
heat  less  than  the  melting  point  of  silver,  it  bums,  and  ia 
volatilized,  yielding;  the  same  elementary  products  as  char- 
coal. 

Sir  Isaac  Newton  remarked,  that  the  refractive  power,  that  is,  the  pro- 
perty of  bending  the  rays  of  light,  was  three  times  greater  in  respect  of 
their  densities  in  amber  and  in  the  diamond  than  in  other  bodies ;  and 
he  therefore  concluded  that  the  diamond  was  some  unctuous  substance 
that  had  crystallized. 

Sir  David  Brewster  observed,  that  the  globules  of  air  (or  some  fluid 
of  low  refractive  power)  occasionally  seen  in  diamonds  have  communi- 
cated, by  expalision,  a  polarizing  structure  to  the  parts  in  immediate 
contact  with  the  air-bubble,  a  phenomenon  which  also  occurs  in  amber. 
This  is  displayed  in  four  sectors  of  polarized  light  encircling  the  globule 
of  air ;  a  similar  structure  can  be  produced  artificially,  either  in  glass  or 
gelatinous  masses,  by  a  compressing  force  propagated  circularly  from  a 
point.  This  cannot  have  been  the  result  of  crystallization,  but  must 
have  arisen  from  the  expansion  exerted  by  the  included  air  on  the  amber 
and  the  diamond,  when  they  were  in  so  soft  a  state  as  to  be  susceptible 
of  compression  from  a  very  small  force ;  hence  Sir  David  Brewster  con- 
cludes that,  like  amber,  the  diamond  has  originated  from  the  consolida- 

composition  of  substances  which  were  contained  in  quite  a  different  form 
in  the  living  plants.  They  are  all  distinguished  by  their  proportionably 
small  quantity  of  hydrogen.  The  acid  from  mellite  (mellilic  acid)  con- 
tains precisely  the  same  proportions  of  carbon  and  oxygen  as  that  from 
amber  (succinic  acid) ;  they  differ  only  in  the  proportion  of  their  hydro- 
gen. Succinic  acid  may  be  obtained  by  oxidation  from  wax  and  from 
all  solid  fats.— Lm6i^'«  Chemistry,  vol.  i.  p.  336. 

*  Organic  Remains  of  a  Former  World,  vol.  L  pi.  i.  fig.  2. 
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tioa  of  TegeUble  matter,  which  Au  gradually  acquired  a  cTystalline  form 
bj  the  slow  action  of  corpuscular  forces.* 

L>iebig  concurs  in  the  opinion  that  the  diamond  is  of  vegetable  origin, 
■nd  offers  the  following  remarks  on  its  probable  mode  of  formation. 

"  If  we  suppose  decay  to  proceed  in  a  liquid  containing  carbon  and 
hydrogen,  then  a  compound  with  still  more  carbon  must  result,  in  a 
maimer  similar  to  the  production  of  the  crystalline  colourless  naphthtdin 
from  a  gaseous  compound  of  carbon  and  hydrogen.  And,  if  the  com- 
pound thus  formed  were  itself  to  undergo  further  decay,  the  final  result 
most  be  the  separation  of  carbon  in  a  crystalline  form.  Science  can 
point  to  no  process  capable  of  accounting  for  the  origin  and  formation  of  I 
diamonds,  except  that  of  decay.  Diamonds  cannot  have  been  produced 
by  the  action  of  fire ;  for  a  high  temperature  and  the  presence  of  oxygen 
gas  would  call  into  play  their  combustibility.  But  there  is  the  greatest 
reaaoo  to  believe  that  they  have  been  formed  in  the  humid  way  ;  aod  the 
pnxsess  of  decay  is  the  only  cause  to  which  their  formation  can  with  pro- 
bability be  ascribed."  f 

By  voltaic  action  the  diamond  has  been  converted  into  a  substance 
posaeasing  the  appearance,  physical  character,  and  electrical  properties  of 
coke.  In  this  state  the  diamond  loses  its  insulating  power,  and  becomes 
lighter :  the  specific  gravity  of  an  ordinary  diamond  is  3.368 ;  when 
changed  into  coke,  2.679.t 

The  diamond  in  a  pure  state  is  colourless  and  transparent;  when 
coloured,  it  contains  foreign  matter,  as  metallic  oxides,  Ac,  A  blue  dia- 
mond (the  property  of  Mr.  H.  T.  Hope),  weighing  177  carats,  is  a  splen- 
did and  unique  specimen  of  this  precious  gem.  There  are  pink,  orange, 
yellow,  and  dark-brown  diamonds.  The  largest-known  diamond  be- 
longs to  the  Rajah  of  Mattan ;  it  is  of  the  purest  water,  and  weighs  367 
carats,  or  (at  the  rate  of  four  grains  to  a  carat)  three  ounces  troy  weight : 
it  is  egg-shaped.  The  Mogul  Diamond,}  called  the  Koh-i-noor,  or 
"mountain  of  light,"  weighed  when  first  found  793  carats;  when  ex- 
hibited at  the  Crystal  Palace  (^851)  it  weighed  186  carats;  it  was  re- 
CQt  in  1852,  and  now  weighs  102. 

The  matrix  of  the  diamonds  found  in  Central  and  Southern  India  is  a 
wide-spread  conglomerate,  overlying  the  sand-stones,  limestones,  and 
gneias-rocks  of  the  country. 

•  Geol.  Trans.  2nd  ser.  vol.  iii.  p.  459.  f  Liebig's  Chemistry,  vol. 
i.  p.  336.  X  Experiments  of  M.  Jacqnelin  and  Prof.  Faraday. 

f  See  Prof.  Tennant's  interesting  observations  on  this  great  diamond, 
and  the  probable  history  of  its  division  into  three  portions,  one  of  which 
(the  Koh-i-noor)  is  now  at  Windsor  Castle ;  Transactions  of  the  Society 
of  Arts.  1652,  p.  336. 
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29.  AwTHRAorPE,  Plitmbago,  Ac. — The  coal  commonly 
used  for  domestic  purposes  in  this  country  is  the  bitumin- 
ous, of  which  there  are  many  varieties,  such  as  cherry-coal, 
caking-coal,  splint-coal,  and  cannel-coal.*  The  AnthracUe^f 
culm,  or  stone*coal,  is  coal  usually  deprived  of  its  bitumen  by 
the  causes  already  explained ;  anthracitic  bands,  however, 
occasionally  are  intercalated  with  seams  of  bituminous  coal. 
When  coal  is  near  to  trap  or  basalt,  it  is  often  in  the  state 
of  anthracite ;  while  the  layers  in  immediate  contact  with 
the  volcanic  rocks  are  charred,  and  in  some  instances  coked ; 
or  the  mass  is  converted  into  plumbago,  or  graphite^  the  sub* 
stance  used  for  drawing-pencils.  By  a  series  of  interesting 
experiments,  Dr.  Macculloch}  demonstrated  the  transitional 
changes  from  bitumen  to  plumbago.  Hydrogen  predomin- 
ates in  the  fluid  bitumen ;  bitumen  and  carbon  in  coal ;  in 
anthracite,  bitumen  is  altogether  wanting ;  and  in  plumbago, 
the  hydrogen  has  also  disappeared,  and  carbon  only  or  chiefly 
remains. 

In  North  America,  firom  the  prevalence  of  anthracite  in 
the  carboniferous  deposits,  this  substance  is  in  nearly  imi- 
versal  use ;  but  in  England  it  is  seldom  employed  except  in 
Amott-stoves  and  the  furnaces  of  our  manufiictories.§  This 
kind  of  coal  is,  however,  largely  developed  in  many  districts ; 
and  the  anthracite  of  South  Wales  extends  firom  the  Vale  of 
Neath,  on  the  east,  to  St.  Bride's  Bay  on  the  west.  Some  of 
this  coal  is  in  the  state  of  charcoal,  and  requires  a  degree  of 
heat  of  531°  Fahrenheit,  for  its  ignition ;  but,  when  ignited, 
it  bums  with  a  bright  flame,  and  is  the  most  durable  of  fuel. 

30.  Petbipagtioit  of  Vegetables.  —  As  in  the  sand- 

*  See  Parliameiitary  Reports  on  the  coals  suited  for  the  steam-iiftTy. 

t  From  the  Greek  avBpal^  signifying  coal  or  charcoal. 

X  Transact  Geol.  Soc.  vol.  it  p.  1. 

§  The  anthracite  of  the  Allegfaiuiies  is  of  very  slow  oornhnstion ;  but 
this  is  overcome  by  freely  supplying  oxygen  by  means  of  a  blower,  even 
in  the  fire-places  of  prirate  dwellings :  and  the  drying  effect  on  the  air  of 
the  apartments  is  counteracted  by  the  eraporation  of  water. 
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wtcfnea  and  other  strata  the  stems  of  trees  and  plants  are 
often  found  not  in  the  state  of  coal,  but  converted  into  stone 
— ^in  some  instances  calcareous,  in  others  silicious,  I  shall  in 
this  place  offer  a  few  remarks  in  illustration  of  the  process 
bj  which  such  a  change  has  been  effected. 

In  true  petrifactions  a  transmutation  of  the  parts  of  an  organized  body 
into  mineral  matter  takes  place.  Patrin,  Brongniart,  and  other  philoso- 
^lera  suppose  that  petrifaction  has  frequently  been  effected  suddenly,  by 
the  combination  of  gaseous  fluids  with  the  constituent  principles  of  or- 
ganic structure.  It  appears,  indeed,  certain,  that  the  conrersion  of 
animal  and  vegetable  substances  into  silex  must,  in  many  instances,  hare 
been  almost  instantaneous ;  for  the  most  delicate  parts,  those  which  would 
vndergo  decomposition  with  the  greatest  rapidity,  are  preserred.  The 
occurrence  in  the  Oolite,  at  Tisbury,  of  Trigonias,  haying  their  delicate 
branchic  and  other  portions  of  the  body  preserved  in  their  natural  posi- 
don  by  siliciiication  (p.  527),  illustrates  these  remarks.  So  also  does  the 
preservation  of  a  zoophyte  in  agate,  as  described  and  figured  by  Mr.  Bow- 
erbank.*  The  fact  of  the  siliciiication  of  trees  in  loose  sand,  and  of  the 
•oft  bodies  of  molluscs  in  their  shells,  as  in  the  fossil  oysters  found  in  the 
chalk  at  Brighton,t  while  neither  the  sand  nor  the  shells  are  impregnated 
with  silex,  cannot  be  explained  by  the  lustration  of  a  silicious  fluid  into 
cavities  left  by  the  decompoMtion  and  removal  of  the  animal  substance. { 
Von  Bnch  has  shown  that  the  silicifying  process  never  immediately  at- 
tacks the  calcareous  shell,  but  developes  itself  only  upon  the  organic 
matter,  and  that,  where  thu  substance  is  not  present,  no  silicification 
takes  place.  A  combination  of  gaseous  fluids  with  the  constituent  prin- 
ciples of  the  animal  or  vegetable  substances,  changing  the  latter  into 
■tone  without  modifying  the  arrangement  of  the  molecules  so  as  to  alter 

*  Joum.  Geol.  Socvol.  v.  p.  319.  See  also  ibid.  p.  Ixxviii.,  Anniver- 
sary Address  by  Sir  H.  De  la  Beche,  for  some  remarks  on  this  interesting 
fossil,  and  on  silicification  generally. 

t  Medals  of  Creation,  p.  374. 

t  It  stiH  remains  for  some  patient  investigator  to  elucidate  the  as  yet 
mysterious  relations  of  carbon  and  silicon,  and  to  recover  the  broken  due 
to  this  research  left  by  the  untimely  death  of  Dr.  Samuel  Brown,  of 
Edinburgh.  His  early  experiments  on  the  transmutation  of  these  two 
substances  appesr  to  have  been  followed  in  later  years  by  more  certain 
results,  which,  however,  this  lamented  chemist  had  not  published  at  the 
time  of  his  death.  See  the  deeply  interesting  article  on  Dr.  S.  Brown 
and  Prof:  £.  Forbes,  in  the  North  British  Review,  February,  1857. 
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the  external  form,  seems  the  only  mode  by  which  such  transmutatioBS 
can  have  been  effected.  The  production  of  congelation,  by  a  simple 
abstraction  of  caloric,  is  akin  to  this  change  ;  but  petrifaction  is  induced 
by  the  introduction  of  another  principle.  As  to  density,  the  most  subtle 
gas  may  acquire  the  greatest  solidity  ;  as,  for  example,  in  the  union  of 
oxygen  with  metallic  substances. 

The  following  remarks,  selected  from  Mr.  C.  Stokes's  ob- 
servations *  on  fossil  wood  and  plants,  throw  light  on  this 
subject.  The  specimen  which  gave  rise  to  these  remarks 
was  a  piece  of  beech- wood,  partly  petrified  bj  carbonate  of 
lime,  from  a  Eoman  aqueduct  in  Q«rmany.  In  this  wood 
were  several  insulated  portions  converted  into  carbonate  of 
lime,  while  the  remainder  was  unchanged. 

Sometimes  the  most  minute  structure  is  preserred,  as  in  the  vessels  of 
palms  and  coniferse,  which  are  as  distinct  in  the  fossil  as  in  the  recent 
trees.  From  this  state  of  perfection,  we  have  every  degree  of  change,  to 
the  last  stage  of  decay :  the  condition  of  the  wood,  therefore,  had  no  in- 
fluence on  the  process.  The  hardest  wood,  and  the  most  tender  and 
succulent,  as,  for  instance,  the- young  leaves  of  the  palm,  are  alike  silici- 
fied.  In  some  instances,  the  cellular  tissue  has  been  petrified,  and  the 
vessels  have  disappeared ;  here  silicificaUon  must  have  taken  place  soon 
afler  the  wood  was  exposed  to  the  action  of  moisture,  because  the  cellu- 
lar structure  would  soon  decay ;  the  process  was  then  suspended,  and 
the  vessels  decomposed.  In  other  examples,  the  vessels  alone  remain ;  a 
proof  that  petrifaction  did  not  commence  until  the  cellular  tissue  was  de- 
stroyed. The  specimens  where  both  cells  and  vessels  are  silicified  show 
that  the  process  began  at  an  early  period,  and  continued  until  the  whole 
vegetable  structure  was  transmuted  into  stone. 

In  a  morass  near  Ferry-bridge,  in  Yorkshire,  a  similar  partial  petrifac- 
tion of  the  stems  and  branches  of  trees  has  taken  place,  f 

The  late  Dr.  Turner,  in  some  adndirable  comments  on  the  subject  of 
petrifaction,  remarked,  that,  whenever  the  decomposition  of  an  organic 
body  has  begun,  the  elements  into  which  it  is  resolved  are  in  a  condition 
peculiarly  favourable  to  their  entering  into  new  combinations ;  and  that, 
if  water,  charged  with  mineral  matter,  come  in  contact  with  bodies  in  this 
state,  a  mutual  action  takes  place,  new  combinations  result,  and  solid 

*  Transactions  of  the  Geological  Society,  2nd  ser.  vol.  v.  p.  212. 
t  Described  by  Mr.  Stokes,  op.eit,  p.  211. 
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puticles  are  precipitated,  00  as  to  occupy  the  place  left  Tacant  by  the 
decomposed  orgaDic  substance. 

31.  Artificial  Yeoetable  Petripaotioks. — Prof.  Qop- 
pert  has  published  the  result  of  an  iuteresting  investigation 
of  the  condition  of  fossil  plants,  and  the  process  of  petrifac- 
tion. Layers  of  ironstone-nodules,  as  we  have  previously 
stated,  are  common  in  the  carboniferous  strata.  They  appear 
to  have  once  constituted  continuous  layers,  the  nodules 
having  been  produced  by  segregation,  t.  e,  the  substance  of 
which  they  are  composed  has  separated  from  the  constituent 
parts  of  the  rock  after  deposition.*  The  first  segregation 
often  appears  to  have  been  caused  by  the  presence  of  some 
extraneous  matter,  sometimes  a  trilobite  or  a  shell,  and  very 
commonly  the  leaf  of  a  fem.f  Parkinson  had  remarked, 
that  the  leaves  in  these  nodules  might  sometimes  be  separ- 
ated in  the  form  of  a  carbonaceous  film  ;  and  Goppert,  hav. 
ing  found  similar  examples,  was  induced  to  undertake  a  set 
of  experiments.  He  placed  fern-leaves  in  clay,  dried  them 
in  the  shade,  exposed  them  to  a  red  heat,  and  obtained 
striking  resemblances  to  the  fossil  plants.  According  to  the 
degree  of  heat,  the  plant  was  found  to  be  either  brown, 
shining  black,  or  entirely  lost,  the  impression  only  remain- 
ing ;  but  in  the  latter  case  the  surrounding  clay  was  stained 
black,  thus  indicating  that  the  colour  of  the  coal-shales  is 
from  the  carbon  derived  from  the  plants  they  include.  Plants 
soaked  in  a  solution  of  sulphate  of  iron  were  dried  and 
heated  until  every  trace  of  organic  matter  had  disappeared, 
and  the  oxide  was  found  to  present  the  form  of  the  plant. 
In  a  slice  of  pine-tree  the  pitted  fibres  peculiar  to  this  family 
of  vegetables  were  perceptible.  These  results  by  heat  are 
probably  produced  naturally,  by  the  action  of  moisture  un- 
der great  pressure,  and  the  influence  of  a  high  temperature.^ 

*  Sir,H.  De  la  Beche,  Researches  in  Theoretical  Geology,  p.  96. 

f  Meidala  of  Creation,  p.  69  and  p.  522. 

X  Quart.  Joum.  Geol.  Soc.  vol.  vi.  part  2,  Miscell.  p.  33. 
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32.     SlLIOIFICATIOir  OB  PeTBITAOTIOV  or  YEaSTABLBS 

BT  SiLEX. — The  various  forms  in  which  «ilex  is  found  hare 
been  probably  dependent  on  its  state  of  solution ;  in  the 
case  of  quartz-crystals  it  was  entirely  dissolved;  in  agate 
and  chalcedony  it  is  supposed  to  have  been  in  a  gelatinoua 
state,  assuming  a  spheroidal  or  orbicular  disposition,  accord- 
ing  to  the  motion  given  to  its  molecules.  Its  condition  ap- 
pears also  to  have  been  modified  by  the  influence  of  organic 
matter.  In  some  polished  slices  of  flints  from  Bognor,  the 
transition  from  flint  to  agate,  diAlcedony,  and  crystallized 
quartz  is  beautifully  exhibited.  The  curious  fact,  that  the 
echinites  in  the  chalk  are  almost  invariably  filled  with  flint,* 
while  the  shelly  covering  is  converted  into  calcareous  spar, 
is,  perhaps,  attributable  to  the  animal  matter  having  under^ 
gone  silicifieation  ;t  for  the  most  organized  parte  are  those 
which  appear  to  have  been  most  susceptible  of  siHcioua 
petrifaction.  Allusion  has  been  ahready  made  to  the  con- 
version of  an  oyster  into  flint,  while  the  shell  is,  as  usual^ 
carbonate  of  lime.  The  shells  of  mollusca,  the  plated  cover- 
ings of  echinoderms,  and  the  guards  of  the  belemnites  are 
less  commonly  silicified,  possibly  from  the  large  proportion 
of  calcareous  earth  which  enters  into  their  composition ; 
they  are  more  frequently  changed  into  calc-spar,  probably 
from  water  charged  with  carbonic-acid  gas  having  insensibly 
effected  the  crystallization  of  their  molecules.^ 

Some  specimens  of  silicified  wood,  collected  from  the  in- 
terior of  Australia,  by  the  late  Sir  T.  Mitchell,  and  now  in 
the  British  Museum,  are  entirely  permeated  by  silex ;  but 
on  the  external  surface  of  these  stems,  there  are  some  circu- 

*  In  one  instance,  the  shell  of  an  echinite  from  the  chalk  is  transmntod 
into  crystallised  carbonate  of  Ume^  while  the  lower  portion  of  the  cavity 
is  occupied  by  flint,  on  which  ii  a  layer  of  crystals  of  calcareous  spar. 

t  Mr.  fiowerbank  thinks  that  the  cavities  of  the  echinoderms  were 
filled,  after  death,  by  sponge,  which  latter  took  on  the  siliciftoation. 

X  See  an  interesting  Essay  on  this  subject,  by  M.  Alexandre  Broag- 
niart,  "  Etioi  mr  fet  OHrieulM  Silioimut,  4io."    Pans,  1831. 
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her  spots  of  cbaloedony,  that  appear  to  have  originated  from 
the  exudation  of  the  liquid  silez  from  the  interior,  in  viscid 
globules  distended  with  air,  which  burst,  collapsed,  and  be- 
came solidified  in  their  present  form. 

One  of  the  most  eminent  naturalists  and  mineralogists  of 
the  United  States,  Mr.  J.  D.  Dana,*  has  suggested  that  the 
reason  why  silica  is  so  common  a  material  in  the  constitution 
of  fossil  wood  and  shells,  as  well  as  in  pseudomorphic 
eiystals,  consists  in  the  ready  solution  of  silex  in  water  at  a 
high  temperature  (a  fact  affirmed  by  Bergman) ,t  under  great 
pressure,  whenever  an  alkali  is  present  (as  is  seen  at  the 
present  time  in  many  volcanic  regions),  and  its  ready  deposi- 
tion again  when  the  water  cools.  A  mere  heated  aqueous 
solution  of  silica,  under  a  high  pressure,  is  sufficient  to  ex- 
plain the  phenomenon  of  the  silicification  of  organic  struc- 
ture. Mr.  Dana  states,  that  a  crystal  of  calc-spar  in  such  a 
fluid  being  exposed,  to  solution  from  the  action  of  the  heated 
water  alone,  the  silica,  depositing  itself  gradually  on  a  reduc- 
tion of  temperature,  takes  the  place  of  the  lime,  atom  by 
atom,  as  soon  as  set  free.  Every  silicified  fossil  is  an  exam- 
ple of  this  pseudomorphism ;  but  there  seems  to  be  no  union 
of  the  silica  with  the  lime,  for  silicate  of  lime  is  of  rare  oc« 
currence.     (See  also  vol.  i.  p.  99,  Ac.) 

That  silicification  is  induced  under  circumstances  con- 
nected with  a  high  temperature,  we  have  a  remarkable  in- 
stance in  the  petrified  wood  observed  in  Kerguelen  Island, 
by  Captain  Sir  James  Boss.  Seams  of  coal,  varying  in 
thickness  from  a  few  inches  to  four  feet,  are  imbedded  in 
trap-rock ;  and  numerous  fossil  trees  were  found  lying  under 
a  bed  of  shale,  which  was  covered  by  a  mass  of  basalt  several 
hundred  feet  thick.    Some  portions  of  the  wood  were  so 

*  Americ.  Jomn.  Science  and  Arts,  vol.  xlviii.  p.  84. 

t  BerKomn  first  determined  the  solubility  of  silex  in  simple  vater, 
aided  by  heat,  and  demonstrated  its  existence  in  the  Geysers,  and  other 
boiling  springs  of  Iceland.   See  also  Parkinson,  Org.  Rem.  vol.  i.  p.  324. 


732 


THE  WONDEBS  OF  GEOLOOT.  Lbct.  TII. 


little  altered  that  it  was  necessary  to  take  tbem  in  the  hand 
to  be  convinced  of  their  fossil  state ;  and  the  wood  was 
found  passing  from  that  condition  into  charcoal  which 
would  bum  freely ;  while  other  portions  were  so  completely 
silicified  as  to  scratch  glass.*  In  fact,  the  permeation  of 
vegetable  tissues  by  aqueous  solutions  of  silez  at  a  high 
temperature  appears  to  be  one  of  the  necessary  conditions 
under  which  silicification  takes  place. 

88.  Fossil  Plants  of  the  CoAL.f — I  proceed  to  the 
examination  of  the  flora  of  the  Carboniferous  era.  The  lay- 
ers of  pure  coal,  as  we  have  already  stated,  are  wholly  com- 
posed of  carbonized  vegetables ;  and,  when  we  consider  that 
these  beds  are  from  ten  to  thirty  feet  and  even  nearly  fifty 
in  thickness,}  it  would  seem  difficult  to  account  for  such  an 
immense  accumulation  of  wood,  and  plants,  and  foliage  as 
would  be  required  to  produce  so  enormous  an  amount  of 
carbon,  without  any  intermixture  of  earthy  detritus,  had  we 
not  such  illustrative  examples  of  analogous  modem  carbo- 
naceous deposits,  as  those  brought  forward  by  Sir  C.  Lyell, 
and  previously  alluded  to.  The  shales  above  the  coal  are 
highly  charged  with  carbonaceous  matter,  and  contain  a 
profusion  of  leaves  and  stems.  The  vegetable  remains  are 
always  in  a  carbonized  state;  but  the  leaves  sometimes 
possess  such  a  degree  of  tenacity  and  elasticity  as  to  be 
separable  from  the  stone.  The  leaves  and  seed-vessels 
which  occur  in  the  iron-stone-nodules  have,  in  many  in- 
stances, undergone  a  metallic  impregnation,  as  is  often  the 
case  in  specimens  from  Goalbrook  Dale.     Brilliant  sulphide 

*  Voyage  of  Discovery  in  the  Southern  and  Antarctic  Regions,  in 
1839-43. 

t  Plates  I.  to  XXX.  of  the  Pictorial  Atlas  of  Organic  Remains  (from 
Artis  and  Parkinson)  are  devoted  to  Fossil  Plants. 

X  Besides  the  instances  of  thick  coal-seams  mentioned  at  p.  683,  we 
may  add  that  at  Wilkesbarre  in  Pennsylvania  an  anthracite,  30  feet  thick, 
is  worked ;  and  near  Cracow  in  Poland  there  is  a  coal-bed  between  40 
and  50  feet  thick. 
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of  iron  (iron-pyrites),  in  some  examples,  permeates  tbe  en- 
tire vegetable  tissue ;  in  others,  the  stems  and  leaflets  are 
replaced  by  white  hydrated  silicate  of  alumina  (pholente)  ;• 
and  in  many,  by  crystals  of  galena,  or  sulphide  of  lead,  and  of 
blende,  or  sulphide  of  zinc.  In  the  sandstones,  the  stems 
haye  generally  a  carbonaceous  crust,  and  their  internal 
structure  is  sometimes  found  in  a  calcareous,  and  occasionally 
in  a  silicified,  state. 

The  Coal-plants  which  have  been  accurately  determined  f 
amount  to  some  hundreds  of  species,  of  which  two-thirds 
are  either  members  of  the  family  of  Ferns,  or  belong  to  ex- 
tinct orders  of  phints  that  united  the  characters  of  the  ex- 
isting cryptogamic  and  gymnospermous  classes.}  The  re- 
mainder consist  of  Conifer®,  some  Cycadacese,  and  a  few 
flowering  monocotyledonous  or  dicotyledonous  plants.  §     But 

*  See  Pict  AUas  Or^.  Rem.  pi.  5,  figs.  10,  11.  Geol.  Jour.  vol.  ziii. 
y.  16. 

t  In  his  *'  Steinkohlen-Formaiion  Sachsen's,"  1856,  Dr.  Geinitz  has 
published  the  latest  results  of  his  long  and  diligent  examination  of  grea^ 
numbers  of  the  plant-remains  of  the  coal ;  and  has  shown  that,  from  the 
eridence  afforded  by  the  carefully  collected  leaves,  stems,  roots,  and 
fragments,  many  of  the  hitherto  accepted  ** species"  must  be  merged  to- 
gether ;  different  parts  of  the  same  plant  having  been  severally  regarded 
as  fragments  of  distinct  plants,  or  variously  conditioned  individuals  of  one 
species  having  been  catalogued  as  distinct  species.  Would  that  there 
were  more  British  geologists  able  and  willing  to  rival  Goeppert  and  Geinitz 
in  their  laborious,  conscientious,  and  successful  elucidation  of  the  frag- 
mentary and  often  obscure  relics  of  the  Carboniferous  Flora ! 

*  Thus  the  Lycopodiaces  and  Conifers  meet,  as  far  as  analogical  re- 
semblances are  concerned,  in  the  Lepidodendran ;  and  the  Ferns  and  the 
Cycads  in  the  Sigittaria;  whilst  the  Equisetacen  appear  with  added  cha- 
racters in  the  Annularui  and  the  Calamiies, 

}  Adolphe  Brongniart*s  Memoirs  on  Fossil  Vegetables— especially  his 
"  Prodome/'  and  "  Histoire  des  Ydg^Uuz  Fossiles,"  1828,  and  "  Tableau 
des  Genres  de  V^taux  Fussiles,"  1849 — should  be  consulted  for  philo- 
sophical views  of  the  condition  of  the  terrestrial  vegetation  at  the  Car- 
bcmiferons  period.  With  reference  to  this  subject  he  observes,  in  Lis 
interesting  memoir  on  the  genus  Naffperathia  (Annales  des  Sc.  Nat.  1846), 
that  the  Carboniferous  Flora  appears  to  have  been  limited  to  two  uf  the 
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numerouB  species  are  undeBGribed,  and  new  forms  are  con- 
tinually being  discovered. 

The  British  species  exceed  200 ;  *  I  will  presently  place 
before  you  a  few  of  the  predominant  forms,  which  will  serve 
to  convey  a  general  idea  of  the  nature  of  the  Carboniferous 
Plora ;  for  the  greater  number  of  the  plants  that  are  found 
in  the  British  coal-mines  also  occur  in  Europe  and  North 
America, — even  in  the  Arctic  regions. 

The  following  tabular  outline  of  the  characteristic  families  and  general 
dassiflcation  of  existing  vegeUblesf  will  be  useful  to  the  student,  when 
refening  the  fossil  plants  to  their  modem  representatives. 

I     .g  ^Thalogens;    or  Cellular  Cryptogams.     Diatomacese,  Desmi- 

8 


II 


Q 


S      V.  Dicotyledonous. « 

A4 


diacesB,  ConferTSi  Seaweeds,  Chars,  Mould,  Mushrooms, 
Lichens,  &c. 
Acrogens ;  or  Vascular  Cryptogams.     Liyerworts,  Horsetails, 
Mosses,  Club-mosses,  Pepperworts,  Ferns,  &c. 

„      ,Monocotyledoiioui^P"?°8«"\  °'^    ^"^    <*«*^ 

g  I     Rushes,  Lilies,  &c 

g,     J  Oymnogens ;  or  Gymnospermous  Dicotyle- 

dons.   Cycadacee  and  Conifene. 
Ezogens ;  or  Angiospermous  Dicotyledons. 
Most  of  the  European  flowering  herbs 
and  trees  (except  the  Conifers,  —  firs, 
yews,  &c.). 

That  we  may  have  a  general  view  of  the  Carboniferous  Flora,  the 
following  synoptical  r^sum6  .of  the  specific  determinations  of  the  coal- 
plants,  by  Goeppert  and  Geinitz,  is  given.  These  results  are  founded  on 
a  dose  study  of  the  plants  of  the  Upper  and  Lower  Coal  of  Saxony,  com- 
pared with  those  of  the  coal-measures  of  Silesia  and  other  paru  of  the 
Continent,  and  of  Britain ;  and  necessarily  afford  valuable  sUtistics  of  the 
vegetation  of  the  Coal-period,  although  other  palsBontologisU  may  be 

grand  divisions  of  the  vegetable  kingdom,  namely,  *'les  Gryptogamea 
acrogines  ou  vasculaires,  et  les  Phan6rogames  dicotyledones  gymno- 
spermes."    See  also  Lyell's  '<  Manual  of  Geology,"  5th  edit.  p.  373. 

«  See  Morris's  "Catalogue  of  British  FossUs,"  1854;  and  Phillips's 
"  Manual  of  Geology,"  p.  226. 

t  See  **  Manual  of  Natural  History"  (Van  Voorst),  for  a  detailed 
classification.  For  structure,  see  Carpenter's  ificrMcqps,  chapters  6,  7, 
and  8.      * 
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inclined  to  disagree  in  many  points  with  the  results  at  which  these 
eminent  Gennan  geologists  have  arrived. 
A.  Acotyledones. 

1.   FUVGI. 

Depazites,  Exdpulites,  Gyromyces  (one  species  of  each) . 
3.  Equisbtacejb. 

Equisetites  (2  speeies),  Calamites  (6  spec.)* 

3.    ASTKBOPHTLLITJB. 

Asterophyllites  (6  spec.)i  Annularia  (3  spec.),  Sphenophyllum 
(6  spec.). 


4.  PlLlCBS. 

a.  ^phenoptiritUm. 

Sphenopteris  (18  spec.). 
Hymenophyllites  (7). 
Schizopteris  (4). 

e.  PeeoffUHdem. 

Cyatheites  (10). 
Alethopteris  (10). 
Oiigooarpia  (1). 

5.  Ltcopodiacbjk. 

Lyoopodites  (5). 
Selaginites  (1). 
Lepidodendron  (2). 
Sagenaria  (5). 
Lepidophyllum  (1). 
B.  Dicotyledones. 

6.  NCEGOEKATHI&S. 

Gordaites  (2). 

Nceggerathia  (4). 

Rhabdocarpos  (4). 
7<  Ctcadbjb. 

TrigonocarpoQ*  (3). 
8.  (?) 

Carpolithes  (3). 


,  N§unpttT%d§tB, 

Odontopteris  (3  spec.). 

Neuropteris  (5). 

Cyclopteris  (3). 

Dictyopteris  (2). 
.  Proiopierid&te. 

Ganlopteris  (3). 

Palaeopteris  (1). 

Psaronius  (1). 

Megaphytum  (1). 

Aspidaria  (4). 
Halonia  (3). 
Knorria  (3). 
Cardiocarpon  (4). 


9.   CONITBILB. 

Pinites. 

10.  SlOILLARIA.t 

Sigillaria  (13). 

11.  SnOMAAlJI. 

Stigmaria.} 


*  Dr.  Hooker  refers  the  fruits  thns  named  to  Conifara. 

t  Closely  related  to  the  Lepidodendron^  according  to  Dr.  Hooker. 

X  Gceppert  and  Geinitz  regard  the  Stigmariajleoides  as  an  independent 
plant ;  and  consider  others  of  the  so-called  Stigmariie  to  be  the  roots  of 
Ss^Morus. 
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Si,  Equisktaceous  Plants.  —  The  stems  of  several 
gigantic  plants  {Catamites)  allied  to  the  Equisetumfluviatile^ 
or  Horse-tail  of  our  marsh-lands,  are  very  abundant  in  the 
coal-measures.  While  the  recent  species  seldom  exceed  two 
feet  in  height,  and  half  an  inch  or  an  inch  in  diameter,  the 
fossil  stems  often  attain  twenty  or  thirty  feet  in  height,  and 


Lion,  iss.— calamitbs  raoM  thx  Coal-formation. 

Fig.  1.    Portion  of  a  ston,  with  half  of  a  whori  of  Imtm  or  hnets.    (Half  nat.  atie.) 

—  2.    Portion  of  stem  with  rooU.    (Half  nat  aixe.) 

—  3.    Tcnninal  portloa  of  a  stem  [drawn  upside  down].    (One-fifth  nat  lise.) 

fourteen  inches  in  diameter.  The  Uquisetites  columnaris 
is  a  common  species  of  this  kind  of  plant  in  the  Lower  Oolite 
of  Yorkshire ;  and  both  the  Calamite  and  the  Equisetite  are 
occasionally  found  in  an  erect  position  in  the  strata.* 

*  See  Dawson's  remarks  on  Upright  Calamites  at  Pictou,  Joum.  Geol. 
Soc.  vol.  vii.  p.  194,  and  vol.  x.  pp.  21  and  35 ;  also  T.  T.  Wilkinson's 
notice  of  Upright  Calamites,  accompanying  a  considerable  number  of 
fossil  upright  and  rooted  trees  at  Burnley ;  Lane,  and  Chesh.  Hist.  Soc 
Trans,  vol.  ix.  p.  101. 
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Oalamitet,     The  plants  of  this  extinct  genus  much  resem- 
ble the  Horsetail,  being  furrowed  longitudinally,  and  inter- 
cepted with    joints  or    nodes. 
Bat  in  several  points  they  differ, 
both  in  external  characters  and 
inintemal  structure.*  Calamites 
are  so  abundant  in  the  coal  as 
to  prove  that  they  constituted 
an  important  feature  in  the  flora 
of  the  countries  of  the  carboni- 
ferous age ;   and  they  have  also 
been  found  in  strata  both  above 
and  below  the  coal,  and  range 
from  the  DevonUn  to  the  Per-  '^■'*";^'^:^::^'""''' 
mian,  and   probably  to  the  Ju- 
rassic period.    A  small  fragment  of  the  terminal  portion  of 
a  stem,  with  rootlets,  is  represented   in  Lign,   164,  and 
illustrates  the  characteristic  tubercles  accompanying  each 
articulation,  and  marking  probably  the  place  of  attachment 
of  bracts  in  the  upper,  and  rootlets  in  the  lower  part  of  the 
stem. 

The  stem  of  the  Calamodendron  (Brongniart)  consisted  of, 
Ist,  an  outer  thin  cylinder  of  bark  and  wood,  of  a  high  or- 
ganization,  externally  marked  with  longitudinal  furrows  and 
riblets ;  and  2ndly,  an  inner  pith  or  cylindrical  axis  of  soft 
tissue,  also  ribbed  lengthwise,  but  distinctly  marked  by 
transverse  joint-like  depressions,  forming  such  articulations 
as  those  of  the  common  Calamite.  Along  these  cross-lines 
the  interrupted  riblets  of  the  pith  met  and  dovetailed  one 
with  another;  and  from  the  upper  end  of  each  riblet,  as 

•  See  J.  S.  Dawes  on  the  Calamite,  Geol.  Soc.  Journ.  vol.  rii.  p.  196 ; 
where  many  references  to  other  writers  on  these  peculiar  fossil  plants  will 
be  met  with.  See  also  Brongniart's  and  Williamson's  Elucidation  of 
the  Structure  of  Calamites  and  Calamodendron,  in  Lyell's  '*  Manual," 
5th  edit  p.  368. 
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in  Cxlamftes,  ft  bundle  of  veeseli  went  off  into  the  oitfcer 

wood. 

AjUerophyUUet^  iHants 
with  Terticillate  leaves 
are  ootninon  in  the  coal* 
Bhalee ;  thej  have  been 
named  AsterophyUiteg, 
Annularia,f  Sphenoph/l- 
lmiij\  Ac.  Several  of 
these  Blender  whorl-leid^ 
ed  plant-remainB  are 
equisetaceoiis  in  their 
aspect ;  and  some  were 
the  branches  and  foliage 
of  the  Calamodendron. 
Others  were  probably 
small  plants  abounding 
in  the  shades  of  the 
LMv.iM^—AtrKBopBTLLirEsiavxnnroixBi;   gwamtiY    fbrests ;     and 

ftom  Ooalbrook  Dale.  ^,        '^\  «      .. 

others  long  floatmg  wa 
ter-plants.  Two  of  the  usual  forms  are  here  represented 
(,Lign9.  165  and  167,j^.  1). 

85.  Fossil  Fbbks.^— The  Brake  or  Fern  of  oar  commons 
and  waste  lands  is  a  familiar  example  of  a  remarkable  and 
numerous  family  of  plants,  distinguished  by  the  peculiar 
distribution  of  their  seed-vessels.  The  arborescent  ferns 
of  the  tropics  rise  into  trees  from  thirty  to  forty  feet  in 
height,  their  stems  being  marked  with  scars  from  the  decay 
of  the  leaf-stalks,  and  their  summits  covered  with  an  elegant 
canopy  of  foliage ;  §  their  general  appearance  is  shown  in 

•  Star-Uaf,    Medals  of  CreatioD,  p.  146.       f  Petrif.  p.  27,  Usfn,  2. 

X   Wedge-Uaf,    MedaU,  p.  148,  Lign.  43. 

{  A  lucid  and  pleasing  description  of  the  external  features  of  a  tree- 
fern  may  be  found  among  the  many  graphic  pictures  of  plants  and  ani- 
mals, of  which  Mr.  Gosse's  suggestive  work,  entitled  "  Omphalos,"  is 
mainly  composed  (pp.  129—132). 


^___^r-m*». 
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Lign.  180,  fig,  6,  p.  754.  The  leaves  of  tbe  herbaceous 
species  are  very  elegant,  and  present  great  variety  in  their 
forms,  and  in  tiie  mode  in  which  the  veins  of  the  leaf  are 


1  s 

UOX.1f0<— FROM  THB  CASBOIOnsOVS  RKATA  AT  BWDIB-BOUSK,  SOOTLAHB. 
FIff.  1.  Bi^lMiiopteila  UbMvU.  Pig.  I.  8pli«Bopt«ris  BflAl*. 

disposed;  from  the  character  of  the  latter,-  M.  Adolphe 
Brongniart  has  established  the  generic  distinctions  of  the 
foesil  plants  of  this  family.  The  beautiful  state  in  which  these 
remains  occur  in  the  cod-shale  is  shown  in  the  specimens  be- 
fore us  {Ligns.  166,  1^1,  fig.  2,  and  169,^.  3).  The  young 
and  still  uncoiled  (or  circinate)  leaves,  and  the  fructification 
on  the  back  of  the  adult  leaves,  are  sometimes  preserved. 

The  stems  of  ferns,  with  their  elliptical  cicatrices,  or  leaf- 
scars,  bear  some  resemblance  to  those  of  the  palms,  but  are 
readily  distinguished  on  account  of  the  longest  diameter  of 
the  scars  being  vertical,  while  in  the  palms  it  is  transverse : 
sections  of  the  stems  of  these  two  tribes  have  also  distinc- 
tive characters.*  Fossil  fern-stems  are  known  as  Cauhpte- 
ris  and  Fiaroniies  f 

•  V6g6t.  FoMilca,  torn.  i.  pi.  37.     f  Stenzel ;  Ueber  Farn-wuneln,  la*)? 
3  B  2 
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The  large  tree-ferns  are  confined  aimoet  exclusiyelj  to  the 


LIOK.  lar.— FBOM  OOALBIOOK  DALB. 
Plff.  1.  AatsrophjnitM.  Fig.  1.  Peeopwris 

tropics;  humidity  and  heat  being  the  conditions  most  fa- 
vourable to  their  development. 
In  the  carboniferous  rocks 
there  are  about  100  species  of 
ferns,  nearly  all  of  which  be- 
long to  the  tribe  of  Polypodia- 
cea ;  the  common  Polypody^ 
so  frequent  on  old  walls,  will 
convey  an  idea  of  the  charac- 
ters of  their  foliage.  The  fos- 
sil species  present  great  variety 
and  elegance  in  the  form  and 
disposition  of  the  fronds  and 
pinnules.  The  Fecopteris  {Lign,  167,  Jig.  2,  and  168,  a 
genus  containing  upwards  of  forty  British  species,  is  of  fre- 
quent occurrence  in  the  coal-shales,  and  abounds  also  in  the 
Lower  Oolite  of  Yorkshire. • 


LlOK.  168.— PKOOFTKItlll  ADAKTCrOES; 
from  Coalbrook  Dale. 


*  See  Medals  of  Creation,  pp.  109— 124,  for  figures  and  descriptions 
of  fossil  ferns.    Also  Bronn's  Lethtta  Geogn,,  &c. 
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36.  Si oiLLAHiA.— -Among  the  raost  common  and  striking 
objects  that  arrest  the  attention  of  a  person  who  visits  a  coal- 
mine for  the  first  time,  and  examines  the  fossil  remains  pro- 
fusely scattered  around  him,  are  long  flat  narrow  slabs  of  a 
coalj  substance,  having  the  surface  fluted  longitudinallj,  and 
uniformly  ornamented  with  rows  of  deeply  imprinted  sym- 
metrical figures,  disposed  with  great  regularity  (JLign.  169). 
These  relics  are  the  flattened  stems,  with  or  without  the 
bark  or  rind,  of  trees  of  large  size :  the  imprinted  markings 
on  the  surface  being  the  scars  left  by  the  separation  of  the 


LlOX.  lat^SlOXLULKUl  AKl*  PSKM,  nU>M  THS  OOAIrVXABUBXK. 

Fig.  1.  MfftUarU  ToltsU.  from  the  aathneite  of  Baden ;  «,  the  «xt«nAl  rarftc* ;  h,  the  inner 
rarftce,  n  portion  of  tlio  outer  bark  being  removed. 
-    1.  aifiHaria  SUlimanl :  from  the  ooal-minee  of  Pennsjlrania. 
—   1.  Pecopteila  Mlltoni  ;  a  spcelmon  ehowinf  the  yoang  frond  coHed  np  like  a  eroaier. 


petioles  or  leaf-stalks.^  The  name  SigiUaria  has  been 
given  to  these  extinct  trees,  from  the  impressions  appearing 
as  if  made  by  a  seal  or  die.  These  stems  are  generally 
found  broken  to  pieces,  and,  when  lying  in  a  horizontal  posi- 

«  The  markings  left  on  a  cabbage-stalk  by  the  removal  of  the  leayes 
are  of  a  similar  nature.  Figures  of  SigiUaria  are  given  in  Plates  XIX.  and 
XX.  of  the  Pictor.  Atlas  Org.  Rem. 
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numerooB  species  are  undescribedy  and  new  fonoB  are  con- 
tinually being  diacovered. 

The  British  species  exceed  200 ;  *  I  will  presently  place 
before  you  a  few  of  the  predominant  forms,  which  will  serve 
to  convey  a  general  idea  of  the  nature  of  the  Carboniferous 
Mora ;  for  the  greater  number  of  the  plants  that  are  found 
in  the  British  coal-mines  also  occur  in  Europe  and  North 
America, — even  in  the  Arctic  regions. 

The  following  tabular  outline  of  the  characteristic  families  and  general 
dassiflcation  of  existing  vegetables  f  will  be  useful  to  the  student,  when 
refening  the  fossil  plants  to  their  modem  representatives. 

I  .§  ^Thalogens;  or  Cellular  Cryptogams.  Diatoroacee,  Desmi- 
g  I  I  diacesB,  Conferve»  Seaweeds,  CharsB,  Mould,  Mushrooms, 
3  o  ^  ^      Lichens,  &c. 

•g^  ^  I  Acrogens ;  or  Vascular  Cryptogams.  Liverworts,  Horsetails, 
Jo  Mosses,  Club-mosses,  Pepperworts,  Ferns,  &c. 

C      fMonocotyledonous.f^"******'''-      ^'"^    ^^"^    OrchidM, 

'g  I     Rushes,  Lilies,  &c. 

I,     J  Oymnogens ;  or  Gymnospermous  Dicotyle- 

I       I  dons.    Cycadacese  and  Conifene. 

S       I  ^.    ^  ,   .  Ezogens :  or  Angiospermous  Dicotyledons. 

I  »-l>«»t,ledonou..^  Most  of  th.  Europe-,  floirering  herb, 
and  trees  (except  the  Conifers,  —  firs, 
*"     yews,  Ac). 

That  we  may  have  a  general  view  of  the  Carboniferous  Flora,  the 
following  synoptical  r^um^  .of  the  specific  determinations  of  the  coal- 
plants,  by  Goeppert  and  Geinitz,  is  given.  These  results  are  founded  on 
a  close  study  of  the  plants  of  the  Upper  and  Lower  Coal  of  Saxony,  com- 
pared with  those  of  the  coal-measures  of  Silesia  and  other  parts  of  the 
Continent,  and  of  Britain ;  and  necessarily  afibrd  valuable  statistics  of  the 
vegetation  of  the  Coal-period,  although  other  palsBontologists  may  be 

grand  divisions  of  the  vegetable  kingdom,  namely,  "  les  Gryptogamea 
acrogtoes  ou  vaseulaires,  et  les  Phan6rogames  dicotyledones  gymno- 
spermes."    See  also  Lyell's  «  Manual  of  Geology,"  5th  edit.  p.  373. 

«  See  Morris's  "Catalogue  of  British  FossUs,"  1854;  and  Phillips's 
'*  Manual  of  Geology,"  p.  226. 

t  See  "Manual  of  Natural  History"  (Van  Voorst),  for  a  detailed 
classification.  For  structure,  see  Carpenter's  Miero9cop§f  chapters  6,  7, 
and  8.      * 
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inclined  to  disagree  in  many  poinU  with  the  reinltt  at  which  these 
eminent  Gennan  geologiBts  have  arriTed. 
A.  Acotyledones. 

1.  FUMOI. 

Depazites,  Exdpulites,  Gyromycea  (one  species  of  each) . 

2.  Equisbtacbjb. 

Equisetites  (2  species),  Galamites  (6  spec.)* 

3.  ASTKBOPHTLLITJB. 

Asterophyllites  (6  spec.)#  Annularia  (3  spec.),  Sphenophyllum 
(6  spec.). 


4.  FiLICBS. 

a.  ^jthenoptiritUm, 

Sphenopteris  (IS  spec.). 
Hymenophyllites  (7). 
Schisopteris  (4). 

e.  PeeopUridem, 

Cyatheites  (10). 
Alethopteris  (10). 
Oligocarpia  (1). 

5.  Ltcopodiacbjb. 

Lycopodites  (5). 
Sela^jinites  (1). 
Lepidodendron  (2). 
Sagenaria  (5). 
Lepidophyllum  (1). 
B.  Dicotyledones. 

6.  NcEGGEKATHI&S. 

Cordaites  (2). 
Noeggerathia  (4). 
Rhabdocarpos  (4). 

7.  CrCADBiB. 

TrigonocarpoQ*  (3). 

8.  (?) 

CarpoHthes  (3). 


h.  IftvmpUridMB, 

Odontopteris  (3  spec.). 

Neuropteris  (5). 

Cyclopteris  (3). 

Dictyopteris  (2). 
d.  Protopteridea. 

Ganlopteris  (3). 

Palfleopteiis  (1). 

Psaronius  (1). 

Megaphytum  (1). 

Aspidaria  (4). 
Halonia  (3). 
Knorria  (3). 
Cardiocarpen  (4). 


9.   CONITKILB. 

Pinites. 

10.  SX0ILLAHIiB.t 

SigiUaria  (13). 

11.  Stiomabiai. 

Stigmaria.} 


*  Dt.  Hooker  refers  the  fmits  thus  named  to  Coniftrm, 

t  Closely  related  to  the  Lepidodendron,  according  to  Dr.  Hooker. 

X  Gceppert  and  Geinitz  regard  the  SiiffmariaJSeoidee  as  an  independent 

plant ;  and  consider  others  of  the  so-csiled  Stigmariie  to  be  the  roots  of 

SoytnarNS. 
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coal-beds,*  long  excited  tbe  curiosity  of  collectors,  and  set  at 
defiance  all  attempts  to  determine  their  botanical  charac- 
ters, until  recent  discoveries  proved  the  correctness  of  M. 
Adolphe  Brongniart's  conjecture,  that  they  were  the  roots 
of  SigillaritB,  These  bodies  are  of  a  sub-cylindrical  form, 
reaching  sometimes  several  feet  in  length,  and  are  often  ten 
or  twelve  inches  in  circumference.  The  surface  is  covered 
with  oval  or  circular  depressions  with  a  small  tubercle  in  the 


LlOV.  171.— SnOHABIA  ffieODnL 

riff-l.  Portlraor«root(|B«t.tisc).    The  latanuU  axto  it  tem  at «. 
—  %.  One  of  th«  rootlets,  with  ftoomipoadiBfftabtrete,  to  ihowthABod*  of  aitkvbuioD. 

middle,  disposed  in  quincunx  order.  When  broken  across, 
a  small  cylindrical  axis  or  core  is  found  to  extend  longi- 
tudinally throughout  the  stem  {lAgn,  172).  When  observed 
in  the  underclay,  long  tapering  fibres  or  rootlets  are  found 
attached  to  the  tubercles  of  the  pits  with  which  the  surface  is 
covered;  and  these  are  sometimes  several  feet  in  length. 

*  Prof.  Goeppert  haf  remaiked  that  SHgmariaJieoidu  may  be  regard- 
ed as  one  of  the  most  prevalent  of  the  coal-plants.  *'  Ein-und-dreiMis. 
Jahresbericht.  Schles.  Ges."  p.  81. 


f  «7. 
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The  internal  Btnicture  of  the  StigfMiruB  presents  a  ligneous 
axis,  or  cylindrical  woodj  bundle  of  vessels,  originally  tra- 
▼ersing  the  centre  of  the  pithy  root,  but  in  the  fossils  gener- 
ally lying  nearer  to  one  side  than  the  other  of  the  more  or 
le8»  compressed  root,  owing  to  its  having  sunk  in  the  softened 
tissue  during  the  rotting  of  the  pith,  and  before  the  root  was 
fiMsilized.  This  woody  axis  resembles  the  woody  zone  found 
in  sections  of  the  SigiUaruB,  except  that  the  ring  of  medullary 
tissue  possessed  by  the  latter  is  wanting ;  a  difference,  as 
Ad.  Brongniart  remarks,  precisely  similar  to  that  existing 
between  the  roots  and  the  stems  or  branches  of  a  dicotyledo- 
nous tree,  in  which  the  woody  cylinder  is  associated  internally 
with  bundles  of  medullary  tissue,  that  are  absent  in  the  roots 


UOH.  ITt,— arm  Ain>  soots  of  ▲  Sxoillaku  ;  fa  a  Ooal-mfae  near  Urerpool 
•t  TiM  tniOL  tnTOTriac  a  bed  of  eoal. 
h,  Tk«  root*  [ffUfmmrim)  ipffMdlBf  o«t  fa  the  aiidereUy. 

of  tiie  sahe  tree.  This  opinion,  long  since  advanced  by  the 
eminent  Erench  savant,  has  been  confirmed  by  Mr.  Binney's 
discovery,  in  the  coal-strata  at  St.  Helen's  near  Liverpool, 
of  «n  upright  stem  of  a  Sipllaria,  nine  feet  high,  with  ten 
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rooted  aeTeral  feet  long,  atiaebed,  and  estending  in  the  under- 
day  in  their  natural  poaition  (as  shown  in  Lign.  173)  ;  these 
roots  being  undoubted  StiffmaruB.^ 

In  the  floor  of  the  Victoria  Mine,  at  I>uj^infield  neax 
Manchester,  at  the  depth  of  1100  feet  from  the  surface,  Mr. 
Binney  discoyered  a  magnificent  specimen  of  Sigillana,  whichi 
exhilHted  on  its  stem  the  respective  characters  of  three  sup- 
posed species  {8.  paekydermaj  remfwrmiBj  and  orgamm},  and. 
had  stigmaria-roots,  which  were  traced  twenty  feet.f 

In  the  Sidney  coal-field,  at  Cape  Breton,  several  upright 
stems  of  SigiUarie,  having  roots  that  are  undoubted  Stig^ 
marin,  have  been  discovered;  and  in  the  Pictou  coal,  in 
Nova  Scotia,  the  same  tact  has  been  noticed,  and  communi- 
cated to  the  Geological  Society  of  London.  (See  also  p.  689.) 

The  Bev.  Henry  Steinhauer  was  among  the  first  to  re- 
gard the  Stigmari»  as  roots  of  trees,  in  an  interesting  and 
well-illustrated  memoir, entitled  "  Fossil BeUquia  of  Unknown 
Vegetables  in  the  Coal-strata"  (Transact.  Americ.  Phil.  Soc. 
New  Series,  vol.  i.  p.  273,  1818).  Lindley  and  Hutton 
quoted  Steinhauer's  observations,  and  described  the  Stig- 
maruD  as  radiating,  massive,  floating  aquatic  plants.^ 

Prof.  GcBppert  has  evidence  to  show  that  some  of  the 
StigmariaB  were  great,  branching,  and  even  anastomosing' 
roots,  or  rhisodes,  of  water-plants ;  and  resembled  the  spread- 

•  Phil.  Mag.  3rd  ser.  rol.  zxtu.  p.  241.  Beport  Brit.  Assoc.  1843. 
Serenl  interesting  commtmications  on  the  coal-plants  and  the  ooal -mea- 
sures may  be  found  in  these  valuahle  Reports ;  for  instance,  Mr.  Buddie's 
Bepoft  on  the  Newcastle  Coal-measures,  in  the  Tolume  for  1838 ;  Mr,. 
Mihie  on  the  Berwick  and  North  Durham  Coal-field,  1838 ;  Mr.  Binney 
on  the  Lancashire  Coal-fields,  1842,  and  by  Messrs.  Heywood  and 
Williamson,  1837 ;  Lord  Greenock  and  Mr.  Craig  on  the  Scotch  Coal- 
fields, 1834  and  1840;  Ac. 

f  Geol.  Soc.  Joum.  vol.  ii.  p.  390.  Orer  the  door  of  the  room  con- 
taining the  fossil  vegetables  in  the  British  Mnseum,  there  is  a  Stigmaria 
twenty-siz  feet  long,  with  numerous  rootlets. 

t  See  "  Fossil  Flora  of  Gnfat  Britain ; "  and  Buekland*s  **  Bridge- 
wmter  Treatise." 
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ing  roots  of  the  great  water-lilies.  Thus  fiur  Lindlej's 
hjpothetical  reference  of  the  Stigmari»  to  aquatic  plants  is 
partiallj  supported;  but  Brongniart,  Binnej,  Bowman,  King. 
Brown,  Dawson,  and  others  haye  brought  forward  good 
evidence  of  the  majority  of  the  Stigmarian  bodies  being 
reallj  the  stools  and  roots  of  trees. 

As  there  is  considerable  variety  in  the  form  and  disposi- 
tion of  the  tubercles  of  the  Stigmari»,  it  is  probable  that 
some  of  them  may  be  the  roots  of  other  trees  of  the  car- 
boniferous deposits,  with  the  stems  of  which  they  are  asso- 
ciated.* 


(JVoM  <ft«  OmL  Am.  Jmtm.  toL  It.  p.  47.) 

uoir.  l7l.-BAn  or  tm  arm  o»  a  tmmm  with  ■noMAXiAir  soon;  tnm  Cap*  Bretim. 

▲t  ▲,  B»  0,  D,  ihmn  wore  portlraa  of  a  eoiUf  talk. 

Mr.  Eichard  Brown  has  described  t »  rooted  stem  (Xi^. 
176),  found  by  him  in  the  Coal-measures  of  Cape  Breton,  as 
that  of  a  Lepidodendran.  Sir  C.  Lyell,  however,  refers  it  to 
8iffillaria.X  We  must  recollect,  in  this  instance,  that  there 
are  some  species  which  it  is  difficult  to  define  generically 
either  as  Sigillaria^  Sagenaria,  or  Lepidodendron,  so  similar 
sometimes  are  the  features  presented  by  the  stems,  or  rather 
parts  of  the  stems. 

•  Such  M  Sagenaria,  &c.    See  OoBppert'i  and  GeiniU'i  Memoin. 
t  Quart.  Journ.  Geol.  Soc.  rol.  ir.  p.  47. 
I  Manual,  5th  edit.  p.  370. 
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38.  Lefidodeitdbon  * — This  belongs  to  a  tribe  of  plants 
which  has  largely  contributed  to  the  formation  of  the  coal- 
strata,  and  whose  remains  rival  in  number  and  magnitude  the 
Calamites  and  SigillarisD.  The  name, 
which  signifies  Scaly-tree,  is  de- 
rived from  the  imbricated  appear- 
ance of  the  Bur£ftce  of  the  stem,  oc- 
casioned by  the  form  and  arrange- 
ment of  the  little  angular  imprints 
or  scars  left  bj  the  removal  of  the 
leaf-stalks  {lAgtu.  176,  177).  Some 
of  these  trees  have  been  found  al- 
most entire,  from  their  roots  to  the 
topmost  branches;  as  in  the  ex- 
ample here  figured  {Lign.  176), 
which  was  nearly  forty  feet  in 
length.  The  foliage  consists  of 
simple  linear  leaves,  which  are  spir- 
ally arranged  around  the  stem,  and 
appear  to  have  been  shed  from  the 
base  of  the  tree  with  age.  The 
markings  produced  by  the  attach- 
ment of  the  leaves  are  never  ob- 
literated. In  their  external  con- 
figuration, mode  of  ramification,  and 
disposition  of  the  leaves,  and  in  some 
points  of  their  internal  stihicture, 
these  trees  accord  closely  with  the 
Zyc«ywk/kk?«<p,or  Club-mosses.  These 
are  small  herbaceous  plants,  inhabit- 
ing woods  and  bogs ;  their  leaves  are 
simple  and  imbricated,  that  is,  lie 
over  each  other  like  scales.  Most  of 
them  trail  on  the  ground,  but  a  few 


UOM.  176<— LKFIUODENDBOlf 

8TKRMBBB0II. 

A  foMU  trt,  tkirUm  tmd  m  hti{f  fut 

with  at  tkt  ha»t,  and  thirtv-nimt 

fHttonf. 

Bach  a  ipMliMo,  bnt  wlUiovt  IM 
oater  bark^waa  diacoTeivd  la  th« 
BcDBhun  e«U-MMB,  in  the  Jarow 
eoAl-fleld :  M6  the  "  TomiX  Tiorm," 
PLtOS. 


•  Hooker,  Mem.  Geol.  Surr.  vol.  ii. ;  Medals,  p.  136. 
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species  are  erect ;  *  the  tropical  forms,  which  are  the  largest, 
do  not  exceed  three  feet  in  height.   Bat  notwithstandinic  t^is 


Lion.  177.—^.  l.v-TnufXNAL  toktion  ov  a  braitch  or  LKFiDUDUf uhom.   Coal-thale, 
N«woMUe. 

PIff.  S.— flean  of  pctitlM  {mu,  tise). 

disparity  in  size,  M.  Brongniart  has  shown  that  the  Lepido* 
dendra  must  be  regarded  as  gigantic  plants  closely  allied  to 
this  family.  They  may  be  regarded,  in  fact,  as  arborescent 
Lycopodiacese,  comparable  in  size  to  the  largest  pines ;  and 
they  formed  extensive  forests  during  the  carboniferous 
*  Such  as  Lfcopodium  ientum  :  Hooker,  Mem.  Geol.  Sorr.  vol.  ii.  part 
2.  p.  423 


^», 


^vannooEKDiBoy. 


751 


|>eriod,  beneaiili  wboie  sbude  flounflhed  the  lesser  ferns  mnd 
aasoeiated  plants. 

The  fruit  of  the  liying  ClulMnosses  u  on  oval  or  cj" 
4indrical  cone,  which  in  some  species  forms  an  imbricated 
spike  at  the  extremity  of  the  branches ;  and  there  are 
numerous  fossil  fruits  of  this  kind  found  together  with  the 
stems  and  leaves  of  the  Lepidodendra,  and  in  some  instances 
attached  to  the  branches ;  thej  have  received  the  name  of 
L&pidotitrobi^  or  scaly-cones.* 

Besides  being  preeminently  a 
eoal-plant,  the  Lepidadendran  is 
found  in  the  Devonian  strata  of  the 
United  States,  of  Caithness,  and 
TburingiA;  and  in  the  Mountain- 
limestone  of  Northumberland.t 
It  occurs  also  in  strata  of  Carbo- 
niferous or  Devonian  age,  both  in  ^^ 
Anstndia  and  South  Africa. 

Long  narrow  branches,  covered 
with   numerous    small  leaves  or 

-  -  -  Lion.  178>-TnnMT«fM  MotloB  of  a 

bracts,  occur  m  the  coal-measures,  portion  of  the  Mem  or  a  mmt 
which  are  regarded  as  being  fosnl  jJJJJ^^"^  tn**»»,,  bi^iy««f- 
fbrms  of  dub-mosses,  and  are  term-  •,  ^  Portions  or  conMntiic  an. 
ed  LycopodUet.    Similar  phmt-re-  »«-uy«r.. 

mains  have  been  found  in  the  Tertiary  and  Oolitic  strata, 
and  some  of  these  have  been  correctly  referred  to  the  Co- 
nifers. Indeed,  the  Dacrydium  cupressinum  of  New  Zealand, 
with  its  long  pendant  lycopodial  branches  and  regularly  scar- 
red stem,and  other  similar  conifers,  should  remind  us  that  the 


iiifvi'i'!*;*^***'^>i 


/i»iri^ 


*  Pict.  Atlas,  pi.  ix.  f.  1,  and  pi.  xxxiii. ;  and  Medals  of  Creation,  Lign, 
40.  The  structure  aud  affinities  of  the  Lepidostrobi  are  well  worked 
out  and  illustrated  by  Dr.  Hooker,  in  the  Mem.  Geol.  Surv.  vol.  ii.,  where 
Lepidodendron,  Sigillariie,  and  Colamites,  &c.,  are  also  made  the  subjects 
of  elucidation. 

-•>  Tate.  Fossil  Flora  of  the  Mountain  Limestone,  p.  297. 
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external  form  of  one  family  of  plants  ia  imitated  bj  another. 
It  is  from  the  fructification  that  the  most  decided  characters 
of  plants  can  alone  be  drawn. 

89.  Cabbokifebous  Tbees  akd  Plants.* — It  was  form- 
erly supposed  that  no  vestiges  of  coniferous  plants  and  trees, 
which  occur  so  abundantly  in  the  secondary  formations,  were 
present  in  the  coal ;  but  Mr.  Witham,  by  microscopical  ex- 
amination, ascertained  that  trees  of  this  type  constituted  no 
inconsiderable  portion  of  the  flora  of  the  carboniferous  epoch ; 
and  remains  of  this  order  have  since  been  detected  in  the 
Devonian  and  every  formation  of  later  origin.  The  recent 
conifer®  are  arborescent,  dividing  into  numerous  branches, 
which  are  disposed  in  most  genera  with  considerable  r^u- 
larity.  The  transverse  sections  of  the  wood  exhibit  con- 
centric annual  lines  of  growth  (as  in  lAgn,  178),  and  the 
vertical  show  the  sides  of  the  woody  fibres  studded  with 
little  pores  or  spots  (Zt^n.  179). 

Some  of  the  fossil  trees  resemble 
the  European  pines  in  their  in- 
ternal structure :  but  the  greater 
number  belong  to  the  Araucarian 
type,  which  is  characterized  by  the 
rows  of  spots  being  disposed,  when 
double,  not  side  by  side,  as  in  Lign. 
179,  but  alternately,  as  we  have 
previously  explained  (p.  713)  .f 

The  coniferous  trees  \  of  the  coal 
have  but  fewand  slightappearances 
of  the  lines  by  which  the  annual  layers  are  separated,  and  re- 
semble in  this  respect  the  existing  species  of  tropical  regions ; 

*  Medals,  p.  164,  &c. 

f  In  the  Royal  Gardena  at  Kew,  there  are  several  flourishing  trees  of 
the  A,  exceUa^  and  other  kinds  of  AraucarisB. 

X  Witham,  op.  eii, ;  and  Qaekett,  Catalog.  Fuss.  Veget.  Honterian 
Bfuseum,  pp.  27  and  28. 


LtoK.  179.— Lonffltttdlnal  MCtlon  of 
pine- wood,  puimllel  to  a  medallarj 
nj ;  showlBf  tho  rows  of  spoU 
orpoTM. 
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we  may  therefore  infer  that  the  seasons  of  the  countries 
where  the  coal-pbuits  flourished  were  subject  to  but  little 
diyersity,  and  that  the  changes  of  temperature  were  not 
abrupt. 

In  a  qnarry  at  Craigleith,  near  Edinburgh,  at  a  depth  of 
140  feet,  part  of  the  trunk  of  a  very  large  coniferous  tree 
was  discovered:  its  length  was  thirty-six  feet, and  the  circum. 
ference  of  the  base  nine  feet.  Polished  sections  of  this  stem 
beautifully  display  the  coniferous  structure.  A  tree  fifty- 
nine  feet  long,  traversing  twelve  beds  of  sandstone,  has  since 
been  exposed ;  and,  as  is  commonly  the  case,  the  bark  was  car- 
bonised, and  the  woody  stem  was  in  some  part^  in  the  state 
of  sandstone,  and  in  others  silidfied. 

Nmnerous  seed-Teasels  haye  been  found  in  the  coal-measures,  and  are 
kaoim  as  Cwrdioeairptmy  Bhabdoearpoa,  CarpoKtet,  and  JYiffonoearpon, 
The  relations  of  these  fruits  are  mostly  very  obscure.*  The  Triffonoearpa 
hare  been  referred  by  some  to  palms,  and  by  others  to  Cycads ;  but  Dr. 
Hooker  has  shown  f  that,  although  certainly  having  characters  of  struc- 
ture as  closely  related  to  the  Cycads  as  to  the  Ck>nifers,  yet  it  is  to  the 
latter  that  the  weight  of  the  evidence  tends  to  refer  them ;  and  he 
especially  points  to  the  peculiar  coniferous  genus  Salitburia  (a  native 
of  China),  as  presenting  a  fructification  similar  to  that  found  in  Triffono" 
etrpom.  Dr.  Hooker  mentions  also  that,  as  Dr.  Lindley  has  pointed  qut, 
the  foliage  of  Salisbn^  also  affords  a  modem  analogy,  for  the  fossil 
leaves  called  Nceggerathia,  which,  with  some  Trigonocarpon-like  bodies, 
M.  Brongniart  has  referred  to  the  Cycadacee. 

Dr.  Hooker  has  described  a  fragment  of  cycadeous  wood  from  the 
Durham  coal-field ;  X  <uid  in  1844,  M.  Goeppert  had  recognised  in  the  car- 
boniferous rocks  of  Europe  four  species  of  fossil  plants  which  he  con- 
sidered referable  to  the  Cycadaceae.f 

No  well-authenticated  remains  of  palms  occur  in  the  coal- 
strata. 

•  Fiedler ;  Foss.  Priicht.  Stc,  1857.    f  Proc.  Roy.  Soc.  vol.  vii.  p.  28. 

t  Mem.  Geol.  Survey,  voL  ii.  part  2,  p.  421. 

I  Annals  Nat.  Hist.  vol.  xv.  p.  442.  For  figures  and  descriptions  of 
recent  and  fossil  cycadeons  plants,  see  Buckland's  Bridg.  Treat,  p.  494, 
and  Medals,  p.  150 
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40.  Floba  of  thk  Coal.  A  more  extended  notice  of  the 
foosil  plants  of  the  carboniferous  system  is  not  within  the 
s(»pe  of  these  Lectures,  and  we  will  now  take  a  brief  review 
of  the  principal  facts  that  have  been  submitted  to  our  notice. 
We  have  seen  that  the  most  remarkable  character  of  the 
Hora  of  that  remote  epoch,  is  the  immense  numerical  as- 
cendance of  certain  peculiar  tribes  of  crjptogamic  plants, 
which  amount  to  at  least  two-thirds  of  the  whole  of  the  species 


1  3  3  4 

LlOir.  180— BXCKHT  AKD  KXTIKOT  TAISI. 

Fii?.  1.  AraucAria  (Ojumoc^n).    1.  Pandaniu  (EndogenV    1  Artoraeent  Fprn  (Aerofra). 
4.  Lepidodendron  (foMiU. 

hitherto  determined.  With  these  are  associated  some  coni- 
fersd,  a  few  cycadacesB,  and  some  rare  phanerogamic  plants. 
The  vast  preponderance  and  magnitude  of  the  vegetables  bear- 
ing an  analogy  to  the  tribes  both  of  acrogens  and  of  gymno- 
gens,but  differing  from  existing  species  and  genera,  constitute, 
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therefore,  the  most  important  botanical  feature.  Thus  we 
hare  plants  related  to  the  horsetail  (Gahmites),  eighteen 
inches  in  circumference,  and  from  thirty  to  forty  feet  high  ; 
arborescent  club-mosses  {Lepidodendra)  attaining  an  altitude 
of  sixty  or  seyenty  feet ;  other  great  lycopodiaceous  trees 
(^Si^Uknia)  fifty  feet  in  height;  besides  tree-ferns,  and  a 
multitude  of  minor  acotyledonous  plants,  with  comparatively 
few  coniferous  trees.  The  contrast  which  such  a  flora  pre- 
aento  to  that  afforded  by  the  woods  and  forests  of  dicotyle- 
donous trees,  and  the  verdant  turf,  which  now  grow  on  the 
surface  of  the  carboniferous  districts  of  England,  is  as  strik- 
ing as  the  discrepancy  between  the  zoology  of  the  paUeozoic 
formations  and  that  of  the  present  day.  In  Li^.  180,  figs. 
1,  3,  and  4  represent  some  of  the  chief  tree-like  forms  which 
flourished  in  the  carboniferous  era,  namely,  the  coniferous 
Araucaria  or  Norfolk  Island  Pine  (which  is  at  the  present 
day  the  best  representative  we  have  of  some  of  the  woody 
trees  of  the  Carboniferous  and  Permian  periods),  the  crypto* 
gamic  Tree-fern,  and  the  lycopodiaceous  Lepidodendron  (no 
longer  represented  by  living  species).  The  Screw-palm  or 
Pandanut^  introduced  in  the  sketch  (^Lign.  180,  fig.  2)  as  an 
example  of  our  endogenous  tree,  appears  to  have  its  earliest 
progenitors  in  the  Jurassic  period. 

To  UTiTe  at  any  satisfactory  conclusioiiB  as  to  the  nature  of  the 
countries  which  supported  the  plants  of  the  coal,  we  must  consider,  1st, 
the  geographical  distribution  of  the  related  existing  genera  of  plants,  and 
the  drcumstances  which  conduce  to  their  full  development ;  and  2ndly, 
the  probable  hydrographical  conditions  of  the  earth's  surface  at  the  coal- 
period.  It  is  well  known  that  a  hot  climate,  humid  atmosphere,  and  the 
unvarying  temperature  of  the  sea  are  tbe  circumstanpes  which  exert  the 
most  favourable  influence  on  the  growth  of  Ferns  and  other  cryptogamic 
plants ;  low  islands  in  tropical  latitudes  being  the  localities  where  these 
forms  of  vegetation  flourish  most  luxuriantly.  From  the  relative  pro- 
portion of  land  and  water  then  probably  existing  in  this  region,  we  may 
infer  that  the  countries  in  which  the  "carboniferous"  flora  grew  weio 

3  c  2 
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groups  of  extenuTe  islands  enjoying  a  subtropical  climate.*  In  the 
paucity  of  the  gramines  or  grasses,  which  form  so  large  a  proportion  of 
the  existing  floras,  and  the  predominance  of  ferns,  the  vegetation  of  the 
coal-measures  approached  in  some  respects  that  of  New  Zealand,  in 
which  the  cellulosse  form  one-third  of  the  whole,  while  the  grasses  are 
very  few  in  number,  f 

From  the  researches  of  Elie  de  Beaumont  %  uid  6odwin-Austen,§  who 
have  constructed  approximative  charts  of  the  carboniferous  area  of  Western 
Europe,  we  know  that  the  coal-measures  and  the  mountain-limestone  were 
deposited  for  the  most  part  amongst  an  extensive  archipelago,  of  which  some 
districts  of  Scandinavia,  Scotland,  Ireland,  Wales,  Cornwall,  France,  and 
Northern  Italy  formed  parts.  ||  Ck>nsiderable,  but  isolated,  areas  of  coal- 
deposits  were  formed  in  lakes  on  the  table-land  of  what  la  now  Centnd 
France ;  and,  according  to  Mr.  Godwin-Austen,  equally  extensive  lake- 
systems  gave  origin  to  the  old-red  sandstones  and  conglomerates  %  of 
Scotland  and  Ireland,  and  probably  of  that  of  South  Wales  also 

41.   AtMOSPHEBIO  COIfDITIOKS  DVBINO  THE  CaBBONIFSS- 

ous  EPOOH.  —  It  appears  remarkable  that  amidst  the  lux- 
uriant vegetation  which  prevailed  on  the  dry  lands  during 

«  See  chap.  vii.  of  Lyell's  *'  Principles  of  Geology,"  for  the  full  con- 
sideration of  probable  climatal  conditions  with  given  proportions  of  land 
and  sea. 

t  See  Medals  of  Creation,  vol.  i.  p.  210 ;  and  Lyell's  **  Principles,*' 
p.  87.  t  See  Beudant's  GMogie, 

{  See  Quart.  Joum.  Geol.  See.  vol.  xii.  pi.  i 

I  A  very  important  feature  of  this  old  archipelago  was  a  narrow  tract 
of  land,  or  of  shoals,  reaching  from  the  Franco-Belgian  frontier  to 
Somersetshire  and  the  south  of  Ireland ;  now  recognised  chiefly  in  the 
Ardennes,  on  the  east,  and  the  Mendips  on  the  west,  and  by  the  presence 
of  the  elevated  and  denuded  valley  of  the  Weald,  and  by  other  geo- 
logical features  along  its  line.  As  the  coal-measures  and  the  coal- 
bearing  mountain-limestone  lie  against  the  flanks  of  this  old  transverse 
ridge,  and  as  it  is  not  covered  up  by  the  whole  series  of  the  secondary 
strata,  but  only  by  the  cretaceous  and  tertiary  series,  it  is  considered 
probable  that  oosl-beds  might  be  found  at  much  less  than  20U0  feet  be- 
low the  surface  in  the  neighbourhood  of  London ;  especially  as  coal  has 
already  been  met  with  in  a  deep  boring  at  Calais,  on  the  same  line  of  old 
rocks.  At  Harwich,  a  deep  boring  has  reached  this  subterranean  ridge  at 
about  1000  feet  in  depth ;  but  U  is  there  composed  apparently  of  rocks 
older  than  those  of  the  coal-series. 

If  Quart.  Joum.  Geol.  Soc.  vol.  xii.  p.  51,  &c. 
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the  Carboniferous  epocb,  there  should  not  have  existed  con- 
temporaneous herbiYorotts  quadrupeds ;  but  not  a  relic  of 
any  animal  of  this  kind  has  been  discovered  in  the  coal-strata. 
Indeed,  with  the  exception  of  the  Iguanodon  of  the  Wealden 
(wee  p.  436),  no  remains  of  large  vegetable  feeders  *  have  been 
found  in  any  of  the  deposits  anterior  to  the  eocene,  in  which 
first  appear  relics  of  the  herbivorous  pachyderms.  The  coal- 
meaaures  of  Nova  Scotia  alone  present  vestiges  of  phyto- 
phagous terrestrial  mollusca. 

It  was  an  opinion  once  very  generally  entertained,  and  the  idea  still 
seems  to  find  favour,  that  previously  to  and  during  the  Carboniferous 
period  the  atmosphere  was  so  charged  with  carbonic-acid  gas  as  to  be 
unfitted  for  the  respiration  of  animals  of  a  higher  order  than  reptiles ; 
and  that  the  dense  and  luxuriant  vegetation  of  that  epoch  was  designed 
to  purify  the  air,  by  elaborating  coal,  and  thus  abstracting  the  supera- 
bundance of  irrespirable  gas,  and  setting  free  a  corresponding  proportion 
of  oxygen :  thus  rendering  the  surface  of  the  earth  suitable  for  the  ex- 
istence of  terrestrial  reptiles,  and  ultimately  of  birds  and  mammalia.  But 
Sir  C.  Lyell  has  argued  that,  so  far  as  we  know,  if  any  change  were  in- 
duced in  the  constitution  of  the  atmosphere  by  such  an  agency,  it  would 
be  the  reverse  of  that  assumed ;  for  an  excess  of  vegetation  would  tend 
to  diminish  the  average  amount  of  carbonic  acid,  and  consequently  the 
air  must  have  been  purer  than  in  the  succeeding  epochs,  f  It  is  there- 
fore probable  that  the  absence  of  herbivorous  animals  cannot  be  ex- 
plahwd  by  unfavourable  atmospheric  conditions :  and  again  we  may  point 
to  New  Zealand  as  a  country  having  a  luxuriant  vegetation,  yet  without 
herbiTorotts  quadrupeds.} 

42.  FoBHiiTioir  OT  Coal-measubis. — ^From  the  facts 
which  have  passed  under  our  examination,§  we  may  now 
advantageously  consider  what  were  the  circumstances  which 
gave  rise  to  these  prodigious  layers  of  carbonized  matter 

•  The  Plaffiaulax  of  Purbeck  and  the  Stereoffnathua  of  Stonesfleki 
were  smaller  herbivores.  The  other  known  mammals  of  the  secondary 
period  were  probably  insectivorous. 

t  Lyell's  "Traveb  in  North  America, '  vol.  i.  p.  152;  and  ••Prin- 
ciples," p.  248. 

X  The  only  indigenous  mammals  in  New  Zealand  are  one  species  of 
Bai  and  another  of  Bai;  and  there  are  no  large  reptiles  whatever. 

4  See  especially  p.  681,  &c. 
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unmixed  with  other  materials, — ^theee  immense  beds  of  reget- 
ables,  from  which  animal  remains  are  often  almost  wholly 
excluded  ;—and  whether  accumulations  of  trees  and  plants, 
which  in  after-ages  shall  present  phenomena  of  a  like  nature, 
are  in  progress  at  the  present  time  ? 

The  manner  in  which  the  carboniferous  strata  have  been  deposited 
has  been  a  fruitful  source  of  discussion  among  geologists.  Some  hare 
contended  that  the  coal-measures  were  originally  peat-bogs,  and  that  the 
successive  layers  were  occasioned  by  repeated  subsidences  of  the  land  ; 
— others,  that  the  vegetable  matter  originated  from  rafls,  or  masses  of 
drifted  forest-trees,  like  those  oC  the  Mississippi,*  which  floated  out  to 
sea,  and  there  became  ingulfed ; — others  suppose  that  they  were  formed 
in  inland  seas  or  lakes,  the  materials  of  the  successive  beds  being  brought 
down  by  periodical  land-floods :  and  the  supporters  of  each  hypothesis 
adduce  numerous  facts  in  corroboration  of  their  respective  opinions. 
There  can  be  no  doubt  that  coal  may  be,  and  has  been,  formed  under  each 
of  these  conditions;  and  that  at  different  periods,  and  in  different  lo- 
calities, all  these  causes  have  been  in  operation;  in  some  instances 
singly,  and  in  others  in  combination.  An  interesting  example  of  the 
latter  conditions  is  described  by  Prof.  Dawson,  in  the  Canadian  Ka- 
turalist  (October,  1857),  as  occurring  at  Pictou,  where  some  portions  of 
the  coal-measures  present  appearances  suggestive  of  **  the  idea  of  patchos 
of  grey  sand  rising  from  a  bottom  of  red  mud,  with  clumps  of  growing 
Calamites,  which  arrested  quantities  of  drift-pl^ts,  consisting  prin- 
cipally of  Stembergia  and  fragments  of  much-decayed  wood  and  bark, 
now  in  the  state  of  coaly  matter  too  much  penetrated  by  iron-pyrites  to 
show  its  structure  distinctly.  We  thus  probably  have  the  fresh-growing 
Calamites,  entombed  along  with  the  debris  of  the  old  decaying  Conifers 
of  some  neighbouring  shore ;  furnishing  an  illustration  of  the  truth,  that 
the  most  ephemeral  and  perishable  forms  may  be  fossilised  and  preserved 
contemporaneously  with  the  decay  of  the  most  durable  tissue.  The 
Rush  of  a  single  summer  may  be  preserved  with  its  minutest  strie  un- 
harmed, when  the  giant  Pine  of  centuries  has  crumbled  into  mould.  It 
is  so  now,  and  it  was  so  equally  in  the  Carboniferous  period." 

That  some  of  the  isolated  basins  of  coal  may  be  carbonized  peat-bogs 
is  not  improbable,  considering  that  peat  often  occurs  in  beds  including 
trees  in  an  erect  position,  and  extending  over  extensive  tracts  of  country ; 

*  On  this  river  and  its  branches  Accumulations  of  timber,  forming  raAs 
10  miles  long,  are  said  to  have  occurred.— LyefTs  '*  Prineiplet"  p.  267; 


f  411.  C6AL.]f£A8UB£8  FROM  8Ufill£EQ£D  LANDS.  7^d 

and  in  modem  peat-bogs  (aee  p.  66)  layers  are  occasionally  found  having 
the  conchoidal  fracture  and  lustrous  appearance  of  coak 

Other  coal-measures  may  have  been  accumulated  in  fresh- water  lakes, 
in  estuaries,  or  in  lagoons  of  fresh  or  of  brackish  water,  into  which  the  sea 
made  occasional  irruptions.  To  this  class  would  belong  the  greater  pro- 
portion of  the  known  coal-measures. 

Other  carboniferous  strata,  intercalated  with  sandstones  and  limestones 
containing  marine  remains  in  abundance,  like  those  of  Russia  (see  p. 
684),  must  haTs  been  deposited  in  the  sea. 

The  occasional  erect  position  of  the  stems  and  the  preservation  of 
delicate  leaves  do  not  invalidate  this  inference ;  for  in  the  rails  formed 
by  the  entangled  floating  forests  of  the  American  rivers,  trunks  of  trees 
frequently  occur  upright ;  and  in  the  iUterior  of  these  rafts  grasses  and 
tender  plants  are  often  found  entire.  Such  masses,  therefore,  might  be 
drifted  many  hundred  miles,  and  yet  the  imbedded  fragile  species,  pro* 
tected  by  the  external  network  of  entangled  branches,  remain  uninjured ; 
and,  undergoing  bituminization,  while  enveloped  by  the  soft  mud  per- 
meating the  mass,  might  become  changed  into  durable  forms,  like  those 
which  abound  in  the  natural  herbaria  of  the  coal-measures. 

Th^verticallty  of  tree-tranks  in  some  of  the  strata  of  the  carboniferous 
■eries— as,  for  instance,  in  the  Sandstone  of  Cragleith,  near  Edinburgh — 
may  have  originated  simply  from  the  trees  having  floated,  and  been  ulti- 
mately moored,  with  their  stems  upright,  or  nearly  so,  in  consequence  of 
their  roots  being  loaded  with  soil.  This  is  a  oonstant  occurrence  in  the 
great  floods  of  the  American  rivers ;  the  sno^f,  as  they  are  termed,  which 
often  render  the  navigation  up  the  stream  difficult  and  perilous,  being 
formed  by  drifted  t#ees  fixed  by  their  stumps  in  the  river-bottom,  and 
forced  into  an  oblique  direction  by  the  current. 

Trees  in  an  upright  position  are  often  carried  out  to  sea,  and  have  been 
seen  far  from  land,  floating  with  their  topmost  branches  above  the  water. 
Under  these  circumstances  they  have  been  instrumental  (like  sea-weeds 
and  icebergs,  in  difierent  degrees)  in  carrying  pebbles  and  blocks  of 
stone  from  the  land  into  the  deep  abysses  of  the  ocean,  or  to  far  distant 


48.   COAL-KXASUBSS  OBIGIKATIirO  IV  BVBICBBOED  LA1CD8. 

—The  theory,  bo  ably  advocated  by  Sir  C.  Lyell  and  other 
eminent  geologists,  of  the  formation  of  coal-measures  from 
repeated  submergences  and  elevations  of  lands  covered  with 
dense  forests  (see  p.  682,  684),  seems  to  be  especially  appli- 
cable to  those  carboniferous  formations  which  are  made  up 
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of  regular  alternations  of  coal  with  beds  composed  of  mich 
earthy  materials  as  render  it  probable  they  were  once  capa- 
ble of  supporting  a  luxuriant  vegetation. 

And  the  fact  that  the  roots  (StigmaruB)  of  the  forest-trees 
(SigUlariiB)  of  the  carboniferous  period  are  generally  pre- 
sent, and  for  the  most  part  in  their  natural  position,  in  the 
underclay  beneath  each  bed  of  pure  coal,  proves  that  those 
trees  grew  on  the  areas  now  occupied  by  their  carbonized 
remains.  Without,  however,  having  recourse  to  the  hypo- 
thesis of  alternate  subsidence  and  elevation  of  the  land,  may 
we  not  suppose  that  there  were  extensive  inland  areas,* 
depressed,  like  the  basin  of  the  Caspian,  many  hundred  feet 
below  the  level  of  the  sea,  affording  the  shelter,  warmth,  and 
moisture  required  by  a  subtropical  flora,  and  subjected  to 

*  The  moat  remarkable  known  instance  of  an  area  of  land  depressed 
far  below  the  sea-Ierel  is  that  mentioned  by  Humboldt  {Co9mo9).  In 
descending  eastward  from  Jerusalem  to  the  Dead  Sea  and  the  Valley  of 
Jordan,  a  Tiew  is  enjoyed  which,  according  to  our  present  hypsometric 
knowledge  of  the  earth's  surface,  has  no  parallel  in  any  other  region. 
The  rocks  on  which  the  traveller  treads,  with  the  open  sky  orer  his  head, 
are  1312  feet  below  the  level  of  the  Mediterranean.  Though  from 
the  revolutions  which  have  swept  over  the  earth's  surface,  and  the 
displacements  and  mutations  which  its  crust  has  undergone  since  the 
carboniferous  period,  there  is  but  little  probability  that  any  of  the 
coal-fields  are  now  in  the  same  position  in  relation  to  the  sea-level  as  at 
the  period  of  their  formation,  I  would,  nevertheless,  direct  attention  to 
the  following  statements  and  remarks  of  the  illustrious  philosopher  just 
cited :— The  depth  of  the  Coal-basin  at  Liege  is  estimated  by  Von  Dechen 
at  3809  feet  below  the  surface,  and  3464  feet  benwUh  the  leod  of  the 
tea;  and  that  of  Mons,  at  5329 :  while  the  lowermost  coal-strata  of  the 
Saar-Rivier  (Saarbriick)  are  computed  by  the  same  eminent  observer  to 
descend  to  a  depth  of  21,358  feet  beUno  the  sea-level,  or  3.6  geographical 
miles.  This  is  a  depth  below  the  sea  equal  to  that  of  Chimborazo  above 
it ;  and  the  temperature  would  be  467*  of  Fahrenheit  if  the  increase  be 
in  the  supposed  ratio  of  1*  for  every  54  feet  of  vertical  depth.  We  have, 
therefore,  from  the  highest  summits  of  the  Himalayahs  to  the  lowest  por- 
tions of  the  basins  which  contain  the  fossil  flora  of  the  carboniferous 
epoch,  a  vertical  distance  of  about  48,000  feet,  or  %it^  of  the  earth's 
semi-diameter. 
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periodical  inundations  firom  mountain-torrents,  poured  down 
from  alpine  regions  on  which.the  pines  and  other  conifer», 
associated  with  the  arborescent  ferns  of  the  coal,  maj  have 
flourished  ?  Would  not  such  physical  conditions,  modified 
bj  occasional  changes  in  the  relatiye  leyel  of  the  land  and 
water  by  subterranean  moTements,  meet  the  exigences  ol 
the  case? 

•  44.  Zoophytes  aitd  Echivodsbmb  op  the  Cabboki- 
7SBOU8  System.— We  must  now  brieflj  notice  the  animal 
remains  entombed  in  the  deposits  that  are  associated  with 
those  which  have  proved  so  rich  and  varied  a  field  of  bota- 
nical research.  The  Zoophytes  and  Molluscs  are  for  the 
most  part  marine,  and  in  a  great  measure  confined  to  the 
limestones  below  the  coal. 

There  are  but  doubtful  evidences  of  the  Sponges  in  these 
beds;  but  Foraminifera  often  abound.  Texfularia  and 
Endothyra  have  been  discovered  bj  Frof.  Phillips  *  in  slices 
of  limestone  from  Yorkshire  and  Westmoreland,  and  by  Mr. 
Sorbj  in  some  moiwtain-limestone  firom  Shropshire.  Nod<h 
raria  has  been  found  in  the  carboniferous  rocks  of  Tyrone, 
bj  M'Coy;t  a  Nummulite-like  form  occurs  in  the  moun- 
tain-limestone both  of  Shropshire  and  of  Eussia;}  and  one 
of  the  most  characteristic  fossils  of  the  mountain-limestone 
of  the  Lower  Volga  in  Russia,  §  and  of  the  Ohio  in  North 
America,  is  the  liuulina  ;  white  limestones  and  calcareous 
shales  being  almost  wholly  composed  of  this  little  shell  {F, 
eylindried),  which  resembles  a  grain  of  wheat  or  rice,  and  is 
allied  to  the  Nanionina.  A  second  species  has  been  detect- 
ed in  the  carboniferous  limestone  of  the  Arctic  Begions,  by 
Mr.  Salter.l 

•  Trans.  Polytechn.  Soc  Yorkshire,  1846,  p.  277. 

t  Annals  Nat.  Hist  toI.  xiii.  p.  131. 

}  Ballet  Imp.  Soc.  Nat  Moscow,  1849,  toI.  xzii.  p.  337 

i  Geology  of  Russia,  PI.  I.  fig.  1. 

II  Belcher's  "Arctic  Voyage,"  toI.  ii.  Appendix. 
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The  CoralB*  amount  to  yeiy  manj  species,  diiefiy  belong- 
ing to  the  genera  JJveoUtet^  Amplexua^  Aulopara^  duetiteg^ 
dmophgUumf  Oyathopl^Uumj  LUhdendran,  LUhottroium^ 
IGeheUniii,  Nemaioph/Uwrn^  Sffringoporaj  and  Zaphrentis. 

Of  Bryosoa,  IkneiieUa  is  the  most  common  genus  in  this 
formation.  The  mountain-limestone  swarms  with  Orifm" 
dea;  and  entire  beds  are  made  up  of  their  petrified  re- 
mains, as  was  explained  in  the  former  Lecture  (see  p.  66(% 
Elegant  and  abundant  species  of  AetkioerinuM,  C^atkoerinuSj 
Plaiyerintu^  Foteriocrinui,  and  Bkodoerinui  combine  to 
characterize  the  carboniferous  limestones  and  shales;  but 
sereral  of  rarer  occurrence  are  also  found. 

A  singtdar  tjpe  of  Crinoideans,  named  FentremUesf 
{Lign,  181,^y.  7),  also  abounds  in  the  mountain-limestone, 
both  in  England  and  America}  (see  p.  666). 

Other  echinoderms  of  a  peculiar  character  {ArehtgocidarU 
and  Palachinui)  are  not  unfrequent  in  the  carboniferous 
limestone  of  Irdand  and  Yorkshire. 

45.  Shslls  of  thk  Garbokifbbotts  Ststkk.  —  The 
remains  of  nearly  800  species  of  the  various  tribes  of  mol- 
lusca  have  been  obtained  from  this  formation  in  the  British 
Isles  alone. 

About  twenty  species  of  bivalve  shells,  having  close  alli- 
ances with  existing  genera  of  shells  living  in  fresh  or  brackish 
waters,  and  therefore  indicative  of  their  own  fresh-water  or 
estuarine  origin,  occur  in  some  of  the  coal-measures.  These 
fossil  genera  comprise  Anthraeoiia,^  Oardinia,  MyaHna^  Mjf- 
tiluiy  and  Unio ;  and  some  of  the  species  abound  in  some 
parts  of  the  coal-measures  in  extensive,  though  thin,  beds  of 
shale  or  limestone,  known  as  **  mussel-bands." 

*  See  Milne-Edwards  and  J.  Haime's  beautlfol  Monognph,  published 
by  the  Palieontographical  Society,  1852. 

t  Comprised  in  the  Blastoidean  Ordet  of  the  Bchinodermata. 

t  Medals  of  Creation,  vol.  i.  p.  2d7. 

(  See  Prof.  King's  interesting  paper  on  the  distinctiTe  characters  of  this 
member  of  the  Unionidae,  in  the  Annals  Nat.  Hist  2nd  ser.  vol.  zTii.  p.  51. 
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The  mjuine  shells  of  the  carboniferous  rocks  are  in  a  great 
measure  limited  to  the  limestone  and  shales  below  the  coal. 
Exceptional  instances,  however,  have  been  already  men- 
tioned.* Many  species  of  gaateropodous  spiral  univalves 
abound  in  some  of  the  limestones.  Plewrotomaria  and  Euom' 
pkalus  are  the  most  frequent ;  the  latter  is  remarkable  from 
its  inner  volutions  being  traversed  by  imperforate  septa.t 
Some  limpet-like  gasteropods  are  also  found,  such  as  Capu- 
lu9  and  Patella.  A  very  common  and  characteristic  uni- 
TBlve  is  the  Bellerophon  %  {Lign.  181,  fig.  4),  usually  refer- 
red to  the  Nucleobranchiate  division  of  the  Gkuiteropoda.§ 

The  most  interesting  Gusteropod  of  the  coal-series  is  a 
pupa-like  shell,  probably  a  land-snail,  of  which  one  or  two 
specimens  were  found,  together  with  the  remains  of  a  little 
batrachian  reptile,  by  Sir  C.  Lyell  and  Mr^  Dawson,  in  an 
upright  fossil  tree«stump  in  the  coal-measures  of  Nova- 
Sootiii.||  The  cephalopodous  shells  found  in  the  mountain- 
limestone  of  Britain  and  Ireland,  and  in  the  associated  strata, 
amount  to  upwards  of  130  species.  The  Ammonite  of  the 
secondary  formations  is  in  this  system  abundantly  represent- 
ed by  its  near  ally,  the  OoniatUei;  %  and  the  I^autilu*  **  and 
the  Orthoeeras  ft  almost  rival  the  Goniatite  in  numbers. 

The  Orthoceras  {Lign.  181,  fig.  12)  may  be  described  as  a 
straight  Nautilus,  of  an  elongated  and  cylindrical  shape,  ta- 
pering to  the  extremity,  and  having  entire  septa,  pierced  by 
a  siphuncule  (J^.  18).  The  Orthoceratites  are  often  from 
twenty  to  thirty  inches  in  circumference  at  the  largest  ex- 
tremity, and  upwards  of  seven  feet  in  length. 

Numerous  bivalves  of  genera  dosely  related  to,  if  not 
identical  with,  the  existing  Atieula  and  Fecten  also  occur ; 
and  other  bivalves,  such  as  Oypricardia^  Canocardium,  Ud- 

•  See  abore,  p.  6t6.        f  Medals,  p.  428.        i  Medals,  p.  46^:. 

f  Woodward's  '*  Manual  of  the  Mollusca,"  p.  201. 

I   Qnart.  Journ.  Geol.  Soc.  vol.  ix.  p.  58,  pi.  it. 

f  Medals,  p.  482.        ••  Medals,  p.  467.        ff  Medals,  p.  475. 
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mondia^  Leda,  Modioh,  Nueula,  SanguinoUtety  and   Sed^- 
wickia. 

But  the  most  striking  modification  in  the  molluscona 
fauna  is  the  abundance  of  extinct  types  of  Braehiopoda  *  or 
Pdlliohranehiaia^f  such  as  Atkyris,  Chonetet,  Lepf^gna^  Lin- 
gvla,  OrthiSf  Produehu^  ShyncJumella,  Spirifer,  SUraphomena, 
&c.  These  occur  in  profusion ;  and  entire  beds  of  limestone 
sometimes  are  aggregations  of  the  shells  of  these  curious 
animals. 

As  we  descend  to  the  more  ancient  rocks,  we  shall  find  these  fossils 
yet  more  prevalent ;  and  I  will,  therefore,  in  this  place  offer  a  few  re- 
marks on  the  struotore  of  this  family  of  moUusca.}  The  small  sub- 
globular  biTalTes,  TerebraiukBf^  so  abundant  in  the  chalk,  are  some- 
times  found  empty,  and,  if  the  valves  be  carefully  separated,  two  curious 
appendages  are  seen  projecting  from  the  hinge  into  the  interior  of  the 
shell ;  these  processes  are  the  internal  skeleton  for  the  support  of  ciliated 
organs  for  the  production  of  currents  in  the  water.  In  the  Spirifers 
{JUffn,  181,  JSffs.  2,  9,  11),  there  are  two  spiral  appendages  |  which  are 
closely  coUed,  and  are  often,  like  the  substance  of  the  shell  itself,  changed 
into  calcareous  spar  (Jigt.  2, 9) ;  in  specimens  where  the  shell  is  removed, 
these  organs  may  be  seen  in  their  origmal  situation. 

The  loop-like  processes  observable  in  the  interior  of  the  shells  of  many 
of  the  fossil  TerebratulsB  are  the  internal  skeleton,  and  are  for  the  attach- 
ment of  the  muscular  stems,  or  stalks  of  the  fringed  arms,  or  lateral  pro- 
longations of  the  Ups  of  the  animal.  These  arms,  or  oral  appendages, 
are  fringed  with  eirrhi,  probably  covered  with  microscopic  ciiia  ;  and  by 
the  vibratile  action  of  the  latter  minute  particles  of  food  are  transmitted 

*  Arm-foot :  the  spiral  arms  of  some  of  these  molluscs  were  at  first 
supposed  to  serve  to  some  extent  as  locomotive  organs ;  hence  this  most- 
used  name. 

t  ManUe-giUed :  the  animals  having  no  special  branchtsB  or  gills, 
their  blood  is  aerated  through  the  medium  of  their  inner  integument  or 
mantk :  hence  this  philosophically  correct,  but  neglected  name. 

%  See  Owen  "  On  the  Anatomy  of  the  Braehiopoda,"  Zoological  Trans- 
actions, vol.  i.  p.  145 ;  <*  Lectures  on  Comp.  Anat."  ftc. ;  Woodward's 
'<  Manual  of  MoUusca,"  p.  209 ;  and  Davidson's  '*  Monographs  of  the 
British  Fossil  Braehiopoda,"  published  by  the  Paleontographical  So- 
ciety (especially  the  Introduction) 

i  Medals,  p.  388. 

I   Hence  the  name  of  the  genus  {eoil-beaiinff)* 
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tawards  the  mouth.  In  RhffnehomMa  ptUtaeea,  a  recent  species  {Lign,  181, 
/7.  6),  two  spiral  anna,  fringed  at  their  outer  margins,  are  seen  to  arise 
from  processes  having  the  form  of  lamellar  plates ;  these  oral  arms  are  qnite 


IdMv.  isi.— shslxj  akd  OaiMonM,  ohisflt  fbom  the  paljbosoio  vraATA. 

mtom.  JV- 1*  Pradwstm  pmetatiu.  1.  Splrlfer  trifonalU.  4.  CMt  of  B«ll*> 
uppfcoa  conn-artedft.  ft.  Baoaphalm  pentaairalatiu.  7.  Pentramitca  elUpticiM.  9.  Spi- 
rUtr  trifOMll*.  ■howlnf  one  of  the  apiral  prooetM*  <n  Mu.  10.  Spirlfar  trUngnlaria. 
IS.  Orchoenw  lat«rale.  19.  S«pt«m  of  the  Mme. 
y«iitoeS  Mmntmt.  It§,  8.  Lcpttwa  dtpww.  8.  Atrrps  retlcvlarto.  ll.SplriflwcleTatw. 
^ttmi.  Wi0.  f .  RhTiiehoneila  palttaoea,  ahowlnc  the  fHnged  eplral  brachla  or  arms,  and  one 
ef  tken  arttteianj  extended ;  the  perforated  TalTe  and  the  lobe  of  the  maatle  are  remored. 
JIf .  «  »,  •  portlflo  of  the  Mofe  of  drrhl,  lagnllled. 

free,  except  at  their  origins ;  when  unfolded,  they  are  twice  as  long  as 
the  shdU  and  in  their  natural  state  of  contraction  are  disposed  in  six  or 
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MTen  spind  gyntions,  which  decrease  towards  their  extremities.  It  has 
been  conjectured,  that,  as  tlie  steins  are  hollow  from  one  end  to  the 
other,  and  filled  with  fluid,  this  might  be  acted  upon  by  the  spirally  dis- 
posed muscles  composing  the  walls  of  the  canal,  and  forcibly  injected  to- 
wards the  extremity  of  the  arms,  which  would  be  thus  unfolded  and  pro- 
truded. None,  howcTer,  of  the  living  specimens  of  this  animal  obserred 
by  Mr.  Barrett,*  in  1855,  protruded  their  arms ;  but  these  organs  were 
extended  just  so  much  that  the  cirrhit  when  unbent,  came  as  far  as  the 
margin  of  the  shell. 

The  arrangement  of  the  fringed  arms  in  the  known  living  Brachiopoda 
is  generally  either  more  or  less  perfectly  spiral,  sigmoid,  looped,  or  folded. 
In  the  fossil  genera  l^rifeTf  AihyrU,  Maruta,  Eetzia,  Uneitet,  and 
Atrypoj  the  internal,  calcareous,  spiral  appendages  were  evidently  the 
supports  of  perfectly  spiral  arms.  If  indeed  the  arms  of  RhynekoneUa 
were  so  supported,  that  genus  would  present  the  same  structure  as  that 
01  Atrypa,  and  a  close  analogy  to  that  of  the  Spiriferida. 

46.  Cbustaoeajts  akd  Insects. — With  the  layers  of 
fresh-water  shells  that  are  intercalated  iu  some  of  the  ooal- 
deposits,  there  are  a  few  species  allied  to  water-fleas,  Cyprida. 
They  occur  abundantly  in  the  Nova-Scotian  and  some  of  the 
Pennsylvanian  coal-measures;  also  in  the  Shrewsbury, 
Afihby-de-la-Zouch,  Border-country,  and  Burdie-House  coal- 
strata.  In  the  last,  and  near  Gflasgow*  two  species  of  a  peculiar 
entomostracous  erustacean,  JSurypterWjf  one  of  which  is 
twelve  inches  long,  have  been  diseovered  by  Dr.  Hibbert. 

DithyrocarisX  is  another  peculiar  form  of  the  lower  tribe 
of  crustaceans  not  uncommon  in  some  of  the  carboniferous 
strata  of  Ireland  and  Scotland. 

In  the  ironstone-nodules  of  Coalbrook  Dale,  the  remains  of 
small  crustaceans  sometimes  form  the  nucleus,  and  Mr.Prest- 
wich§  discovered  some  in  a  good  state  of  preservation  {Lign, 
182).     Some  of  these  crustaceans  are  referable  to  the  Limu-* 

*  Annals  Nat  Hist  2nd  ser.  vol.  xvi.  p.  257. 

t  Medals,  p.  524.  X  Medals,  p.  525. 

t  Geol.  Transact.  2nd  ser.  vol.  v.  p.  41. 

}  The  ciiemical  changes  which  have  taken  place  in  the  carboniferous 
strata,  and  led  to  the  formation  of  the  bands  and  nodules  of  iron- 
stone, are  thus  explained  by  Sir  H.  de  la  Heche:— The  argillaceous 
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lu9,  or  King-crab ;  a  genus  which  is  abundant  in  the  f>ea8  of 

India  and  America.  The  Limulus 

is  one  of  the  lower  Crustacea 

(Entomostraca)  ,and  has  a  distinct 

carapace  or  buckler^  and  the  last 

segment  is  prolonged  into  a  point 

or  style;    it  has   two  eyes  in 

front  of  the  shield,  and  the  gills 

are  disposed  on  lamelliform  pro- 


iron-stones  are  fonned  of  carbonate  of  ^ 

iron,  mingled  mechanically  with  earthy     liok.  isa^-LncuLus  fkom  coal- 
matter,  commonly  corresponding  with  bhook  dalb. 

that  constitutmg  the  shales  with  which 

they  are  associated.  Mr.  Hunt,  of  the  Museum  of  Economic  Geo40gy, 
instituted  a  series  of  experiments  to  illustrate  the  production  of  these 
day-iroostones,  and  he  found  that  decomposing  TegeUble  matter  pre- 
rented  the  further  oxidation  of  the  proiosalts  of  iron,  and  converted 
the  peroxide  into  protoxide  of  iron,  by  taking  a  portion  of  its  oxygen  to 
form  carbonic  acid.  Under  the  conditions  necessary  for  the  production 
of  the  coal  distributed  among  the  sand,  silt,  and  mud,  the  decomposition 
of  the  vegetable  matter  would  necessarily  form  carbonic  acid,  among 
other  products.  This  carbonic  acid,  mixed  with  water,  would  spread 
with  it  over  areas  of  different  dimensions  according  to  circumstances ; 
forming  salts  and  meeting  with  the  protoxide  of  iron  in  solution,  it  would 
imite  with  the  protoxide,  and  form  a  carbonate  of  iron.  The  carbonate 
of  iron  in  solution  would  mingle  with  any  fine  detritus  which  might  be 
held  in  mechanical  suspension  in  the  same  water ;  and  hence,  when  the 
conditions  for  its  deposit  arose,-^which  would  happen  when  the  needful 
excess  of  carbonic  acid  was  removed, — the  carbonate  of  iron  would  be 
thrown  down,  intermingled  with  the  mud  ;  and,  if  not  in  sufficient  quan- 
tity to  form  continuous  layers,  would  aggregate  into  nodules,  and  be  ar- 
ranged in  planes  amid  the  sediment. — Memoirs  of  the  Geohgicdl  Survey 
of  Great  Britain,  vol.  i.  p.  185.  See  also  Prof.  W.  Rogers  on  the  Car- 
bonate of  Iron  in  the  Goal- Measures,  Silliman's  Journal,  vol.  xxi.  p.  339 ; 
Mr.  Binney  on  the  Origin  of  Iron-stones,  Mem.  Lit.  Phil.  Soc.  Manches- 
ter, vol.  xii.  p.  31 ;  and  a  paper  by  Dr.  Hooker  and  Mr.  Binney  on  some 
limestone-nodules,  in  the  bituminous  coal  of  the  Lancashire  coal-field  ; 
Proceed.  Roy.  Soc.  vol.  xii.  p.  188. 
^  Buckland,  Bridg.  Treat,  p.  396. 
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It  is  in  the  carboniferous  system  that  we  first  meet,  in  a 
descending  order,  with  vestiges  of  the  extinct  familj  of  crus- 
taceans called  Trilobites*  (Gfrijithides,  FhiUipna,  Ac.);  ^ut, 
as  these  animals  are  especially  characteristic  of  the  older 
rocks — ^the  Silurian,  I  shall  reserve  a  particular  notice  of 
them  for  the  next  discourse. 

The  higher  Crustacea  are  still  but  little  known  in  the 
coal-ijpcks.  The  Oampsonyx^'f  however,  of  the  Saarbriick 
coal,  combines  some  characters  now  found  in  the  Amphipods 
and  the  Decapods ;  and  the  PygoeephaluM  %  of  the  Man- 
chester coal-shales,  another  rare  form,  is  referable  either  to 
tlie  lower  Decapods  or  to  the  Stomapods. 

Insectt. — The  remains  of  insects  belonging  to  several 
genera  have  been  found  in  the  carboniferous  series  of  Eng- 
land and  Europe.  From  the  ironstone-nodules  of  Coalbrook 
Dale,  several  impedes  of  beetles,  related  to  the  Cureulio  or 
diamond-beetle,  have  been  obtained.  In  a  nodule  from  the 
same  locality  I  discovered  the  wing  of  a  large  neuropterous 
insect,  closely  resembling  a  species  of  living  Corydalis  of 
Carolina.§  The  coal-measures  of  South  Wales  have  also 
yielded  insect-remains.| 

Numerous  specimens  of  orthopterous,  neuropterous,  and 
coleopterous  insects  have  been  described  by  E.  Qoldenbergf 
from  the  coal-basin  of  Saarbriick,  in  Bhenish  Prussia^  whence 
so  many  other  interesting  fossils  have  been  obtained. 

JBhesil  Scorpion, — Not  only  are  the  remains  of  insects 
imbedded  in  the  coal-strata,  but  also  those  of  animals  to 
which  they  served  as  food.  A  fossil  Scorpion  has  been 
discovered  by  Count   Sternberg  in  carboniferous  argilla- 

•  Medals,  p.  532. 

t  Jordan  and  von  Meyer,  Palaeontograpliica,  vol.  !▼.  p.  1,  pi.  L 

%  Hoxley,  Joum.  Geol.  Soc  vol.  ziii.  p.  363,  pi.  ziii. 

{  Medals,  p.  554.     This  specimen  is  now  in  the  British  Museum. 

Ij  In  the  collection  of  the  Rer.  S.  Lucas,  F.G.S. 

V  Palaeontosraphica,  Tol.  ir.  p.  17,  plates  iii.  to  ri. 
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ceouB  schist,  at  Chomle,  S.W.  of  Prague,  in  Bohemia.* 
This  fossil  is  about  two  inches  and  a  half  long,  and  is 
imbedded  in  coal-shale,  with  leaves  and  fruits.  The  legs, 
claws,  jaws,  and  teeth,  skin,  hairs,  and  even  portions  of  the 
trachea^  or  breathing  apparatus,  are  preserved.  It  has 
twelve  eyes,  and  all  the  sockets  remain ;  one  of  the  small 
eyes  and  the  left  large  eye  retain  their  form,  and  have  the 
oomea,  or  outer  skin,  preserved  in  a  corrugated  or  shrivelled 
state.  The  homy  covering  is  also  preserved ;  it  is  neither 
carbonised  nor  decomposed,  the  peculiar  substance  of  which 
it  consists,  eljftrine,  having  resisted  decomposition  and  mi- 
neralization. 

47.  Fishes  or  the  Casbokipeboits  Ststem. — The  fishes 
of  the  coalf  are  of  the  placoid  and  ganoid  groups  (see  p.  852)  : 
and  several  of  the  genera  have  not  been  found  in  any  other 
system ;  all  of  these  have  the  heterocercal  form  of  tail  (see 
p.  531).  Sixty  genera  have  been  determined  from  the  car- 
boniferous strata  of  the  British  Isles.  I  can  only  allude  to 
a  few  of  the  most  characteristic. 

Amhlyptertu, — This  is  a  genus  restricted  to  the  coal-mea- 
sures, and  is  charactererized,  as  its  name  implies,  by  very 
large  and  wide  fins  composed  of  numerous  rays.  The  scales 
are  rhomboidal  and  finely  enamelled;  and  the  teeth  are 
small,  numerous,  and  set  close  together  like  the  hairs  of  a 
brash;  indicating  that  these  fishes  fed  on  decayed  sea- 
weeds and  soft  animal  substances.  The  tail  is  a  good  ex- 
ample of  the  heterocercal  type.  A  restored  outline  of  the  fish 
is  given  in  lAgn,  183,  from  M.  Agassiz's  great  work,  the 
^  Poissons  Fossiles."     Four  species  have  been  found  in  no- 

*  See  Verhindl.  Genell.  vat  Mus.  Bohmen,  1835,  p.  35;  Dr.  Buck- 
Uod's  Bridgewater  Treatise,  plate  46,  p.  406,  et  teg, 

t  See  aome  interesting  remarks  on  the  fishes  of  the  North  American 
coal-beds,  by  Mr.  Newberry,  in  the  Edinb.  New  Phil.  Joum.  New 
seriee,  toI.  t.  p.  864;  and  by  Messrs.  Worthed  and  Agassis,  Hid. 
p.  367. 

3d 
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chiles  of  ironstone  at  Saarbriick,  on  the  borders  of  Lorraine ; 
and  at  Newhaven,  near  Leith. 

Megalichthjfs, — Of  the  remarkable  group  of  fishes  termed 
Sauroid*  the  remains  of  two  genera  have  been  discovered 
in  the  strata  at  Burdie  House  by  Dr.  Hibbert,  and  subse- 


Liav.  US.— BX8TORu>  nou&s  or  thjc  AMBArrarnvs;  a  aErKKocsKCAL  ma  pbcvuak 

TO  TUX  CaRBONIFEBOUS  8T8TEM :   eHt-$urth  th*  nat.  MM. 
«,  The  «pp«r  lobe  of  the  Ull,  into  which  the  t<ertebttal  aolnmn  U  prolonfod. 

quently  in  several  other  localities.  The  MegaUchiliyg  was 
covered  with  enamelled,  quadrangular,  finely  granulated 
scales,  very  thick,  and  nearly  an  inch  wide.  The  head  was 
protected  by  strong  enamelled  plates.  It  had  very  larg^ 
teeth,  which  were  conical,  hollow,  and  striated.  This  fish  was 
fr(;m  three  to  four  feet  in  length. 

Hohptychius, — This  is  a  genus  of  gigantic  sauroid  fishes, 
some  species  of  which  attained  a  length  of  thirty  feet.  The 
scales  are  thin  and  nearly  circular,  the  upper  surface  corru- 
gated in  ridges,  and  from  one  to  five  inches  in  diameter. 
The  plates  covering  the  head  have  a  shagreen-surface  with 
irregular  ridges.  It  has  large  conical  sauroid  teeth  of  great 
density ;  and  numerous  long  slender  teeth. 

Ciu/ro/^'on/f.t— Bemains  of  numerous  extinct  species  of 

-  Medals,  p.  615.  t  Medafe,  p.  583. 
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fishes  related  to  the  recent  CestraciOn,  or  Port  Jackson  shark, 
are  found  in  some  beds  of  the  mountain-limestone,  especially 
near  Bristol,  and  at  Armagh,  in  Ireland.  At  the  latter  place 
Admiral  Theobald  Jones  has  collected  vast  numbers  of  beau- 
tiful specimens  of  teeth  (both  of  the  cutting  and  the  crush- 
ing forms),  and  of  fin-bones  or  spines  from  the  hard  grej 
marble ;  some  of  them  being  of  large  size.* 

48.  BbftiiiEs  of  the  Garbgnipebovs  Perioi). — Not 
many  years  since,  reptilian  remains  not  having  been  then 
found  in  the  carboniferous  rocks,  it  was  supposed  that  the 
earliest  date  of  the  existence  of  reptiles  on  this  earth  was 
that  of  the  Permian  rocks.  Now,  however,  we  have  both 
bones  and  foot-tracks  of  reptiles  not  only  in  the  coal-mea- 
Bures  and  in  the  mountain-limestone,  but  in  the  Devonian 
strata. 

The  AreKego8auru9,-\  a  sanro-batrachian  of  close  relation- 
ship with  the  Ldhyrinthodon  (see  p.  552),  has  left  abundant 
remains  in  thd  coal-fields  of  Bhenish  Prussia,^  the  Fardba- 
irachus^  occurs  in  the  coal  of  Scotland;  and  the  allied 
Dendrerpet(m,l  and  the  labyrinthodontoid  Baphetes,%  have 
been  found  in  the  coal-measures  of  Nova  Scotia. 

Gheirotherian  foot-tracks  of  reptiles  have  been  discovered 
on  some  of  the  shales  of  the  coal-measures  in  the  TTuited 
States ;  •♦  and  in  the  red  shales  at  Pottsville,  Pennsylvania, 
which  Dr.  Isaac  Lea  refers  to  the  carboniferous  series,  but 
which  the  State-geologists,  the  Professors  W.  6.  and  H.  D. 

*  A  Teiy  magnificent  series  of  these  fossils  has  been  presented  to  the 
Geological  Society's  Museum,  by  Admiral  Jones,  F.G.S. 

t  Medals,  p.  745. 

X  See  Hermann  Ton  Meyer's  elaborate  Memoir  on  the  Archegosauri 
and  allied  genera,  in  the  PaimotUoi^phiea,  rol.  yi. 
Quart.  Joam.  Geol.  Soc.  toI.  ix.  p.  67. 

n  IbUL  p.  58;  and  Lyell's  Manual,  5th  edit.  p.  405  ;  Medals,  p.  746. 

t  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  207,  and  vol.  xi.  p.  8. 

••  See  above,  p  570 ;  and  Lyell's  Manual,  5th  edit.  p.  401. 
3  D  2 
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Boger8,  determine  to  be  the  local  representative  of  the 
lower  portion  of  the  Mountain-limestone,  both  Dr.  Lea  and 
Prof.  H.  D.  Bogers  have  found  foot-tracks  resembling  those 
of  thin-toed  saurians.* 

Similar  tracks  to  the  last  mentioned  haye  been  found  on 
the  coal-shale  of  the  Forest  of  Deane;  and  Cheirotherian 
footprints  on  a  grittj  carbonaceous  stratum,  forming  a 
"  roof"  of  the  coal,  in  one  of  the  coal-mines  at  Dalkeith,t 
which  are  worked  in  the  Mountain-limestone  series^^ 

Here  then  are  evidences  enough,  and  doubtlessly  further 
researches  will  contribute  more,  of  the  terrestrial  and  am- 
phibious vertebrated  animals,  which,  crawling  among  the 
tangled  swampy  jungles,  and  on  the  oozy  surface  of  the 
shores,  inhabited  the  lands  that  were  clothed  with  the  luxu- 
riant vegetation  of  the  carboniferous  flora. 

49.  Climate  of  the  PAXiBOZoic  ages. — ^The  cause  of 
the  difference  between  the  natural  climates  now  prevailing 
over  extensive  zones  of  the  earth's  surfiEU^,  and  those  which 
the  organic  remains  discovered  in  many  of  the  older  strata 
lead  us  to  conclude  have  formerly  subsisted  during  very  long 
periods  of  time — and  apparently  over  the  greater  part  of  its 
whole  extent — is  one  of  those  geological  problems  the  solu- 
tion of  which  is  not  at  present  wholly  within  our  reach. 
Unable  to  account  for  such  a  distribution  of  an  apparently 
high  climatorial  temperature — a  diffusion  of  heat  and  light 
so  greatly  at  variance  with  that  which  has  prevailed  during 
the  human  epoch — the  mind  naturally  endeavours  to  pene- 
trate the  mystery  by  a  reference  to  physical  causes  extra- 
neous to  our  planet.  But,  as  yet,  astronomy  has  afforded 
no  satis&ctory  elucidation  of  the  subject. 

A  Tariation  in  the  eccentricity  of  the  earth's  orbit,  and  a  change  in  the 
position  of  the  tropical  zone,  on  account  of  the  precession  of  the  equinox 

*  Sauropus  prinuBvutf  Lea,  Transact.  Amer.  Phil.  Soc.  vol.  x.  1852. 
f  Hugh  Miller's  Testimony  of  the  Rocks,  p.  78.    These  specimens 
are  deposited  in  the  Museum  of  the  Geological  Surrey,  in  Jermyn  Street. 
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— both  changes,  which,  though  extremely  slow,  are  appreciable — ^have 
been  brought  forward  to  account  for  the  phenomena  under  review. 

From  the  diminution  of  the  eccentricity  of  the  earth's  orbit  round  the 
•an,  by  which  the  ellipse  is  in  state  of  approach  to  a  circle,  the  annual 
aTerage  of  solar  radiation  is  on  the  decrease ;  and  therefore,  as  a  general 
cause,  and  one  affecting  the  mean  temperature  of  the  whole  globe,  and 
the  effect  of  which  is  both  ineritable  and  susceptible  of  exact  estimation, 
it  is  deserving  consideration.* 

In  assuming  a  temperature  in  northern  regions  sufficient  to  support  a 
quasi-tropical  vegetation,  it  must,  too,  be  borne  in  mind,  that  light  is  an 
indispensable  as  heat  for  the  luxuriant  growth  of  tree-ferns,  conifers, 
cycades,  &c. ;  and,  by  analogy,  for  the  gigantic  club-mosses  and  ferns 
of  the  carboniferous  period.  The  absence  of  light  for  weeks  or  months 
would  probably  be  fatal  to  most  of  the  existing  tropical  forms  of  vegeta- 
tion. It  is  therefore  as  necessary  to  account  for  the  presence  of  light  as 
for  a  high  temperature  in  the  northern  regions,  where  fossil  plants  indi- 
cate the  former  genial  influence  of  a  warm  climate  and  sunny  skies  dur- 
ing the  carboniferous  era. 

To  account  for  the  existence  of  regions  capable  of  supporting  such  a 
flora  as  that  of  the  coal-measures  in  northern  latitudes,  it  has  been 
argued  by  an  American  author,t  that  the  changes  on  the  earth's  sur- 
&oe  which  have  produced  the  successive  strata  and  organic  remains,  as 
lar  as  these  are  regular,  are  attributable  to  the  progress  of  the  perihelion 
point  around  the  ecliptic  :  that  by  the  precession  of  the  equinoxes,  and 
the  progress  of  the  perihelion-rotation  of  the  earth's  orbit,  a  great  uni- 
form zone  of  tropical  climate,  which  formerly  surrounded  the  globe  in  a 
different  course  from  that  of  the  present  tropics,  has  by  very  slow  de- 
grees changed,  its  position,  and  that  the  present  tropical  zone  succeeds 
it  in  a  continued  change  of  position.^ 

*  Sir  J.  F.  W.  Herschel,  on  the  Astronomical  Causes  which  may  in- 
fluence Geological  Phenomena.    Geol.  Trans.  2nd  ser.  vol.  iii.  p.  293. 

t  *'  An  Essay  on  Organic  Remains  as  connected  with  an  ancient  Tropi. 
cal  Region  of  the  Earth."    By  T.  Gilpin,  Philadelphia,  1843. 

}  The  subject  of  hypothetical  causes  of  conditions  and  changes  of 
temperature  m  former  periods  of  the  earth's  history  has  been  also  treated 
of  by  the  late  Mr.  W.  D.  Saull,  in  his"  Essay  on  the  Connexion  between 
Astronomical  and  Geological  Phenomena,"  8vo,  London,  1853  ;  and  by 
Mr.  Evan  Hopkins,  in  his  book  entitled,  "  On  the  Connexion  of  Geology 
with  Terrestrial  Magnetism."  8vo,  London,  1851. 
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Whether  either  or  both  of  the  above-named  causes  may 
be  regarded  as  applicable  or  adequate  to  hare  produced  any 
of  the  contemplated  effects,  I  must  leaye  to  the  astronomers 
to  determine.  There  is,  however,  another  cause,  first  sug- 
gested by  Sir  C.  Lyell,  that  possesses  all  tihe  essential  re- 
quisites of  a  vera  eawa  ;  and  that  is  the  varying  influence 
of  the  distribution  of  land  and  sea  over  the  sur&ce  of  the 
earth.* 

A  change  of  such  dutribution  in  the  lapse  of  ages,  by  the  degradation 
of  the  old  lands,  and  the  elevation  of  new,  is  a  demonstrated  fact ;  and 
the  influence  of  such  a  change  on  the  climates  of  particular  regions,  if 
not  of  the  whole  globe,  is  a  perfectly  fair  conclusion,  from  what  we  know 
of  continental,  insular,  and  oceanic  climates  by  actual  observation. 
"  Here,  then,"  observes  Sir  John  Herschel,  "  we  have,  at  least,  a  cause 
on  which  a  philosopher  may  consent  to  reason ;  though  whether  the 
changes  actually  going  on  are  such  as  to  warrant  the  whole  extent  of  the 
conclusion,  or  are  even  taking  place  in  the  right  direction,  may  be  con- 
sidered as  undecided,  until  the  matter  has  been  more  thoroughly  eip- 
amined."  f  Another  astronomical  source  of  periodical  variability  in  the 
general  temperature  of  the  earth's  surface  has  been  brought  forward  by 
Sir  John  Herschel,}  who,  instancing  the  observed  variability  in  the  lumi- 
nosity of  certain  stars,  suggests  the  possibility  that  the  sun  of  our  system 
may  in  the  course  of  ages  be  subject  to  similar  phases  of  augmented  or 
diminished  energy ;  and  that  such  variability  in  the  periods  contemplated 
by  Geology  may  have  given  rise  at  one  epoch  to  a  general  equatorial 
climate,  and  at  another  to  one  far  below  Uie  general  temperature  that 
now  prevails. 

Two  other  supposed  causes  of  the  existence  of  a  general  warm  climate 
in  the  earlier  geological  periods  may  be  here  mentioned :  namely,  1. 
Central  heat,  supposed  to  be  the  remains  of  a  former  and  very  much 
greater  heat,  which  has  been  gradually  diminishing  during  some  indefinite 
period  of  time :  2.  The  passage  of  the  solar  system  through  some  region 

*  Highly  important  remarks  on  the  relative  extent  of  land  and  sea  in 
the  palsozoic  ages  were  found  in  the  18th  chapter  of  Sif  Roderick  Mur- 
chison's  **  Siluria." 

t  **  Discourse  on  the  Study  of  Natural  Philosophy,"  p.  146. 

I  In  his  magnificent  work,  entitled,  **  Result  of  Astronomical  Observ. 
atiuns  made  at  the  Cape  of  Good  Hope,"  1847,  p.  351. 
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cf  stelUur  sptoe,  of  wMeh  the  tempermture,  owing  to  stellaf  xadiation,  is 
much  greater  than  that  in  which  it  is  now  placed. 

Both  of  these  hypotheses  have  been  treated,  especially  in  reference  to 
the  Glacial  period  in  the  Tertiary  age,  in  a  masterly  manner  by  Mr.  W. 
Hopkins,  of  Cambridge,  in  the  Geological  Society's  Journal.*  With  re- 
gard to  the  first,  he  remaiks,  that  the  effect  on  the  superficial  tempera- 
tme  due  to  this  cause  may  have  been  formerly  of  any  amount,  but  is  now 
reduced  to  within  l-20th  of  a  degree  of  Fahrenheit  of  that  ultimate  limit 
to  whidi  it  would  be  reduced  in  aa  indefinite  period  of  time,  supposing 
the  eztenal  conditions  under  which  the  earth  is  now  placed— such  as  the 
mmount  of  radiation  from  the  sun  and  start,  and  the  state  of  the  atmo- 
aiphere — to  remain  as  at  present.  Poiason  has  calculated  that  it  would  re- 
quire 100,000  millions  of  years  to  reduce  Ihe  present  temperatursp  by 
mboat  l-40th  of  a  degree  of  Fahrenheit.  It  is  probable,  therefore,  that 
■iBDy  millions  of  years  must  have  elapsed  since  the  central  heat  can  hare 
elermied  the  earth's  superficial  temperature  by  a  single  degree,  and  it  is 
«niy  to  the  more  remote  geological  periods  that  we  can  refer  for  any 
▼ery  sensible  change  in  the  dimatal  conditions  of  our  globe  due  to  this 
cause.  Prof.  Bamsay,  following  out  this  line  of  argument,  has  shown  f 
that  the  internal  heat  of  the  earth  has  exerted  no  important  climatal  in- 
fluence during  any  of  the  geological  periods,  firom  the  Silurian  times  down- 
wards. 

Of  the  second  hypothesis,  which  was  suggested  by  Poisson,  Mr.  Hop- 
kins remarks  that  it  inTolves  the  necessity  of  supposing  a  totally  different 
distribution  of  the  group  of  stars  to  whidi  the  sun  should  belong,  or  the 
near  approach  of  the  solar  system  to  some  individual  star ;  either  supposi- 
tion being  probably  mconsistent  with  the  integrity  of  the  solar  system  as  it 
now  exists.  At  all  events,  this  hypothesis  would  not  account  for  the 
changes  of  climatal  temperature  that  have  taken  place  in  comparatively 
late  geological  times. 

The  soundness  of  the  theoretical  views  of  the  probable  causes  of 
climatal  changes  suggested  by  Lyell  is  well  elucidated  by  Mr.  W. 
Hopkins,  in  the  Memoir  above  quoted,  by  an  exposition  of  the  probable 
configuration  of  the  European  and  North  American  areas  in  the  Glacial 
period ; — ^when,  according  to  Mr.  Hopkins,  the  absence  of  the  Gulf-stream, 
with  its  influences  upon  (he  western  coast  of  Europe,  may  be  assumed, 


*  See  his  Memoir,  *'  On  the  Causes  of  Change  in  the  Earth's  Superfi- 
cial Temperature,"  Jonm.  Geol.  Soc*  voL  viiL  p.  56 ;  and  his  Presi- 
dential Address  for  1853,  ibid.  p.  Ivii. 

t  Quart  Joom.  GeoL  Soc  vol*  id*  p*  203. 
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together  with  the  tubmeifence  beneath  the  sea  of  a  large  portion  of 
Northern  and  Western  Europe.* 

60.  Betbospsot  ;  BoTASiOAL  EPOCHS. — ^I  will  concludo 
this  discourse  with  a  reyiew  of  the  prevailing  botanical  cha- 
racters during  the  principal  geological  epochs. 

Count  Sternberg,  M.  Adolphe  Brongniart,  Dr.  Lindley,  and  other  emi- 
nent botanists  hare  adduced  some  interesting  generalizations  from  the 
fossil  floras  of  the  Tarious  formations :  and  although  conclusions  of  this 
kind  must  be  regarded  in  the  nature  of  shifting  hypotheses,  and  will  re- 
quire to  be  modified  by  new  discoyeries— for  all  the  fossil  species  at  pre- 
sent known  amount  only  to  about  two  thousand,t  yet  the  characters  of  the 
floras  of  certain  formations  difier  in  so  striking  a  manner  from  those  of 
others,  that  it  is  reiy  improbable  that  many  of  the  essential  features 
have  been  lost. 

The  flora  of  the  ancient  world  may  be  regarded  as  characteristic  of 
three  distinct  eras.  The  first  period,  termed  by  Brongniart  "  the  age  of 
Acrogens,"  comprehends  the  earliest  strata  in  which  traces  of  yegetatioa 
appear.^  and  indudes  the  Carboniferous.  The  plants  of  this  epoch  con- 
sist of  facoidSk  ferns  of  rarious  kinds  in  great  abundance,  coniferous  trees 
related  to  species  of  warm  climates,  cycadacee,  a  few  flowering  planU,{ 

*  See  also  A.  Henfirey's  *'  Vegetation  of  Europe,"  for  some  Yaluable 
remarks  on  this  subject. 

t  Prof.  Goppert,  in  1845  (Rep.  Brit  Assoc.),  computed  the  number 
of  species  of  fossil  plants  then  known  to  amount  to  nearly  2000 ;  and 
stated  their  distribution  in  the  strata  to  be  as  follows : — 


In  the  paleoxoic  strata  below 

Triassic      . 

.        .      86 

the  Coal,  principally  in  the 

Oolitic    . 

234 

Deronian      .        .        .    52 

Wealden     . 

.        .       16 

Carboniferous       .        .      819 

Cretaceous 

62 

Permian   .                .        .58 

Tertiary     . 

.    454 

X  Lycopodiaoeous  seed-vessels  and  fragments  of  wood,  found  in  the 
Upper  Silurian  Tilestones,  are  the  oldest-known  terrettrial  plant-remains. 
— H.  E.  Strickland,  Quart,  Jowm,  Geol,  Soe.  vol.  iz.  p.  10;  and  J.  W. 
Salter,  ibid,  yoI.  zIy.  p.  76. 

{  The  AfUholitea  of  the  coal-measures.  Some,  at  least,  of  these  may 
have  belonged  to  monocotyledonons,  or  eren  dicotyledonous,  flowerinir 
plantSi  such  as  the  BromeliacecB  or  the  LobeUaceae.    See  Lindley  and 
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greti  woody  eqaieetacee,  gigantic  lycopodiacefe,  and  trees  (Sigillarie) 
wiaoao  preciee  relations  to  known  forms  is  not  determined.  In  this  flora 
the  tree-ferns  predominate,  and  the  general  type  of  the  vegetation  is  ana- 
logous to  that  of  the  islands  and  archipelagos  of  tropical  and  subtropical 


The  second  period  (that  of  Gymnosperms)  extends  from  the  Triassic 
or  New  Red  to  the  Chalk  inclusiYe,  and  is  characterised  by  the  occur- 
rence of  many  species  of  cycadaces  and  coniferas,  a  few  palms,  and, 
in  the  Lias,*  of  a  few,  but  in  the  Cretaceous  beds  (see  yoI.  i.  p.  329) 
of  many,  dicotyledonous  plants ;  while  the  proportion  of  ferns  is  much 
less  than  in  the  preceding  period,  and  the  lycopodiaceao  and  equisetacee 
are  fewer,  and  present  forms  different  to  those  of  the  carboniferous  strata. 
A  flora  of  this  nature  corresponds  with  that  of  the  coasts  and  maritime 
districts  of  New  Holland  and  the  Cape  of  Good  Hope. 

The  third  epoch  (Brongniart's  '*  age  of  Angiosperms  ")  is  that  of  the 
tertiary,  in  which  the  dicotyledonous  tribes  present  themselves  in  great 
abundance ;  the  cycadacesB  are  rare,  the  ferns  in  diminished  numbers, 
and  the  conifene  and  palms  numerous. 

In  the  latest  tertiary  strata  are  imbedded  the  remains  of  trees  and 
plants  of  species  still  living  in  the  countries  where  these  deposits  occur ; 
and  so  also  in  the  beds  in  actual  progress  of  formation,  the  most  delicate 
vegetable  remains  are  preserved  ;  thus,  in  the  lacustrine  marls  of  Scot- 
land the  leaves  and  seed-vessels  of  the  Chars  are  found  in  a  state  of 
foasilization  scarcely  diBtinguishable  from  the  gyrogonites  of  the  tertiary 
strata  of  the  Paris  basin,  and  of  Headon  Hill,  or  of  the  Purbeck  beds  of 
Dorsetshire. 

From  this  reyiew  of  the  botanical  epochs  which  the  pre- 
sent state  of  geological  knowledge  enables  us  to  establish, 
we  perceive  that,  from  the  most  ancient  formation  in  which 
traces  of  vegetation  remain,  the  sea  has  supported  the  usual 
forms  of  marine  plants ;  and  that  on  the  land,  ferns,  other 
cryptogamia,  and  conifene  have  existed  through  periods  of 
indefinite  duration  to  the  present  time ;  the  most  striking 
and  important  differences  in  the  ancient  and  modem  floras 
being  the  numerical  preponderance  of  the  cryptogamia  in 

Hntton's  "FossU  Flora;"  Morris,  in  Prestwich's  Memoir  on  Coal- 
bcook  Dale,  Geol.  Trans.  2nd  ser.  Yol.  v. ;  and  Hooker,  in  Lyell's 
"  Manual "  (Supplem.  1857).     , 

*  Buckman,  Quart  Joum.  Geol.  Soc.  vol.  vi.  p.  517. 
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the  former,  and  of  the  dicotyledonouB  tribes  in  tiie  latter,-* 
and  the  more  extenaiye  geographical  range  of  the  same 
apecies  of  plants  during  the  Carboniferous  era.  The  theory 
of  the  progressive  development  of  creation  receives  no  sup- 
port from  the  state  of  vegetation  in  the  early  geological 
epochs ;  not  only  the  most  perfectly  organized  of  the  crypto- 
gamic  class,  but  the  eonifene  *  also  are  among  the  oldest  of 
fossil  plants. 

The  absence  of  nearly  all  vegetable  forms  in  the  most 
ancient  fossiliferous  rocks  must  not  be  regarded  as  a  proof 
that  the  floras  of  those  remote  periods  were  thus  sterile ; 
the  only  legitimate  inference,  in  the  present  state  of  our 
knowledge,  is,  that  the  circumstances  under  which  those 
strata  were  accumulated  were  unfavourable  to  the  envelop, 
ment  and  preservation  of  terrestrial  plants.  We  have  seen 
that  the  grand  fundamental  distinctions  of  the  vegetable 
kingdom  existed  in  the  early  secondary  ages,  a  fact  in  ac- 
cordance with  what  we  observed  in  the  animal  kingdom : 
und  thus  the  same  unity  of  purpose  and  design  is  manifest 
in  all  the  varied  forms  o{  organization  that  lived  on  our 
planet  through  the  vast  periods  of  time  which  geological  in- 
vestigations have  enabled  us  to  scan. 

*  See  Dr.  Hooker's  opinion  of  the  rank  of  conifers  in  the  regctable 
kingdom,  Lyell't  •'  Muiaal/'  5th  edit.  p.  373. 


liECTURE  VIII. 

PAST  I. — THE  PXYONUV,  SILUBIAJbT,  AND  CAHBEUH  FOK)IA(rj01f 3. 

1.  Introdoetoiy.  2.  The  DeTonUn  Series.  3.  Sabdlvlaloiu  of  the  Devonian  Series,— 
BerdbnlBhire  and  Ireland,  i.  Devonian  Strata  of  Devonshire  and  Cornwall.  6.  D&- 
▼oolan  Strata  of  Scotland.  6.  Devonian  Strata  of  the  Continent  and  America.  7. 
Organic  Remains  of  the  Devonian  Series,— Plants,  Zoophytes,  Mollascs.  8.  Devonian 
Crastaoeaos.  9.  Devonian  Fishes  and  BeptUes.  10.  The  Silurian  and  Cambri«n 
Bocks.  11.  Silurian  and  Cambrian  Strata  of  the  British  Isles.  12.  The  Longrmynd  or 
Bottom  Bocks.  13.  Silurian  StraU  of  (itatbrdshire.  14.  The  Clent  HUls.  16.  Tha 
Vrekln.  16.  The  Malvern  HlUs,  4cc.  17.  Silurian  and  Cambrian  StraU  of  Europe  and 
America.  IB.  Silurian  Fossils,— Plant-remains.  19.  Silurian  Zoophytes,— Echinoderms 
ttod  Annalidee.  ID.  SUnrian  Ifollnscs.  21.  SUurian  Cnistacea.  22.  VUual  Organs  of 
Trilobites.  201  SUurian  Fishes.  24.  Slate-rocks.  96.  Beview  of  the  Lower  PalsBosoic 
Series. 

1.  Iktkoductobt. — In  the  preTious  Lecture  the  Floras  of 
the  palieozoic  ages  constituted  the  principal  subject  of  inyes- 
tigation.  We  examined  the  primeval  forests  of  conifers, 
the  groves  of  arborescent  ferns,  and  jungles  of  Sigillaris 
and  Calamites,  which  clothed  the  surface  of  the  soil  in  that 
remote  period  of  the  earth's  physical  history.  The  insecta 
which  fluttered  among  the  tropical  vegetation  of  the  islands 
and  continents  of  those  periods,  the  reptiles  of  the  swamps, 
and  the  fishes  and  crustaceans  which  inhabited  the  seas  and 
rivers,  were  brought  in  review  before  us,  and  we  contem- 
plated their  extraordinary  forms  and  organization,  as  pre- 
served by  those  natural  processes 

**  Which  turned  the  ocean-bed  to  rock, 
And  changed  its  myriad  living  swarms 
To  the  marble's  veined  foims."        Mbs.  Howitt. 

We  now  advance  another  stage  in  our  eventful  progress ; 
and  again  we  have  to  investigate  deposits  that  have  been 
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accumulating  for  innumerable  ages  in  the  profound  depths 
of  seas  fed  by  rivers  and  streams  charged  with  the  detritus 
of  the  coimtries  over  which  they  flowed,  and  imbedding  the 
remains  of  the  plants  and  animals  that  existed  at  the  period 
of  their  formation.    Again  we  shall  find  new  forms  of  ex- 
istence presented  to  our  notice,  differing  firom,  but  bearing 
an  analogy  to,  the  inhabitants  of  the  waters  which  deposited 
the  marine  strata  of  the  most  ancient  beds  previously  ex- 
amined, yet  altogether  dissimilar  firom  those  of  modem  eras. 
In  vain  may  we  seek  for  the  remains  of  the  mammalia  of  the 
Tertiary  period, — of  the  molluscs,  fishes,  and  reptUes  of  the 
Chalk, — of  the  colossal  oviparous  quadrupeds  of  the  country 
of  the  Iguanodon, — of  the  dragon-forms  of  the  Oolite, — of 
the  fish-like  lizards  of  the  Lias, — or  of  the  tropical  forests 
of  the  Carboniferous  period, — ^all  have  disappeared ;  and,  as 
the  traveller,  who  ascends  to  the  regions  of  eternal  snow, 
gradually  loses  sight  of  the  abodes  of  man,  and  of  the  groves 
and  forests,  until  he  arrives  at  sterile  plains,  where  a  few 
stunted  shrubs  alone  meet  his  eye, — and,  as  he  advances, 
even  these  are  lost,  and  mosses  and  lichens  remain  the  only 
vestiges  of  organic  life, —  and  these  too  at  length  pass  away, 
and  he  enters  the  confines  of  the  inorganic  kingdom  of 
nature ; — ^in  like  manner  the  geologist,  who  penetrates  the 
secret  recesses  of  the  globe,  perceives  at  every  step  of  his 
progress  the  existing  types  of  animals  and  vegetables  gra- 
dually disappear,  while  the  relics  of  other  creations  teem 
around  him;  these  in  their  turn  vanish  from  his  sight, — 
other  new  strange  modifications  of  organic  structure  sup- 
ply their  place, — ^these  also  fade  away, — ^traces  of  animal  and 
vegetable  life  become  less  and  less  manifest,  until  they  alto- 
gether disappear ;  and  he  descends  to  the  crystalline  rocks, 
where  all  evidence  of  organization  is  lost,  and  the  granite, 
like  a  pall  thrown  over  the  relics  of  the  former  world,  con- 
ceals for  ever  the  earliest  scenes  of  the  earth's  physical 
drama. 
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2.  The  DsroiriAir  Sbbiss. — I  purpose  in  this  diyision 
of  the  present  Lecture  to  consider  the  characters  and  rela- 
tions of  the  remaining  systems  of  fossiliferous  deposits, 
namely,  the  Dewmianj  Silurian,  and  Cambrian :  all  the  still 
more  deeply  seated  rocks,  so  far  as-  our  present  knowledge 
extoids,  being  destitute  of  any  traces  of  organization,  whe- 
ther of  the  animal  or  of  the  yegetable  kingdoms. 

The  DeYonian  leries,  formerly  called  the  Old  Red  Sandttone  (p.  205), 
lies  immediately  beneath  the  Carboniferous  Limestone,  and  is  largely 
deretoped  in  Devonshire  and  Cornwall,  in  Pembrokeshire,  Monmouth* 
diire,  and  Herefordshire ;  in  the  south-east  border  of  the  Grampians, 
and  orer  a  large  portion  of  the  north-eastern  part  of  Scotland.  In  Ire- 
land there  are  extensive  areas  of  strata  of  Devonian  age,  in  the  north, 
•oath,  and  central  districts.  This  series  consists  of  many  alternations  of 
eon^omerates,  shales,  and  sandstones,  in  various  states  of  induration. 
The  conglomerates  are  formed  of  quartz-pebbles,  water-worn  fragments 
of  slate  and  other  rocks,  cemented  together  either  by  an  argillaceous  or 
a  siUcious  paste,  coloured  more  or  less  deeply  red  by  peroxide  of  iron. 
The  quartz  has  been  chiefly  derived  from  the  vein-stones  of  the  old  slate- 
rocks.  These  strata  have  evidently  resulted  from  the  degradation  of  an- 
dent  crystalline  and  schistose  rocks;  and  have  been  originally  ac. 
comulated  in  the  state  of  pebbles,  sand,  and  mud. 

In  Scotland,  where  the  Devonian  series  was  first  characterized  by  being 
foimd  to  contain  many  peculiar  fossils,  and  where  it  is  of  vast  thickness, 
it  will  probably  always  be  known  by  its  first  name  of  "  Old  Red  Sand- 
stone.'* In  Devonshire  it  contains  shells  of  a  character  intermediate  to 
those  of  the  Silurian,  on  the  one  hand,  and  those  of  the  carboniferous 
rocks  on  the  other,  and  none  of  which  are  known  to  occur  in  Scotland. 
The  Devonian  or  Old  Red  strata  were  therefore  identified  first,  from 
their  geological  position,  by  Sedgwick,  Murchison,  and  Lonsdale.*  Sub- 
sequently the  two  first-mentioned  of  these  authors  compared  the  De- 
vooian  of  Britain  with  the  infracarboniferous  rocks  of  the  Rhine.f 
Lastly,  the  identification  of  the  group  as  really  one,  both  by  position 
and  organic  contents,  was  established  by  the  suiVey  of  Russia,  when  Sir 
R.  Murchison,  Count  Keyserling,  and  M.  de  Vemeuil  demonstrated  that 
the  ichthyolites  of  the  *'01d  Red"  of  Scotland,  including  many  of  the 

*  Geol.  Trans.  2nd  ser.  vol.  v.  p.  633,  and  p.  721. 
t  Geol.  Transact.  2nd  ser.  vol.  vi.  p.  22L 
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Teiy  same  ipedes,  and  the  shells  of  Uid  DevoniAn  be^  of  the  south  of 
England,  are  congregated  in  the  same  masses  of  sand  and  shale.* 

Whilst  there  is  no  doubt  of  the  marine  origin  of  the  coraUiferous  and 
shelly  Devonian  limestones  and  shales  of  Devon,  Belgium,  Germany, 
and  Russia,  there  is  a  difference  of  opinion  existing  as  to  trhether  the  Old 
Red  strata  of  Scotland,  Ireland,  and  Hereford  have  been  accumulated  in 
marine  or  in  fresh  water,— along  the  margins  of  a  sea,  or  in  great 
lakes.t 

The  fossils,  so  far  as  the  British  Isles  are  concerned,  do  not  decide  the 
question.  The  Old  Red  fishes  may  have  been  inhabitants  of  rivem  and 
lakes,  like  their  modem  allies,  the  Bony-pikes  of  the  North  American 
waters,  and  the  Bichirs  of  the  Nile.  The  local  abundance  of  plant-re- 
mains merely  indicates,  in  some  cases,  the  close  proximity  of  land  ;  and 
in  others,  probably,  the  presence  of  weedy  shallows.  The  only  shell-like 
fossil  in  the  Caithness  schists  is  undescribed,  and  may  be  either  a  Posi- 
donomya,  a  Cyclas,  or  an  Estheria.  On  the  other  hand,  the  peculiar  and 
characteristic  crustacean  of  the  Forfarshire  flagstones  (the  Pterygotus) 
is  associated  with  some  marine  shells  in  the  '*Tilestones  *'  of  Lesmahage 
and  Ludlow  (the  passage-beds  between  the  Silurian  and  the  Old- Red)  ; 
though  in  the  Yellow  Sandstone  of  Ireland  (Upper  Devonian  or  Lower 
Carboniferous)  it  accompanies  the  probably  freshwater  mollusc,  Anodontm 
Jukeni. 

Although  usually  the  conglomerates  are  supposed  to  have  been  the 
result  of  an  agiuted  sea  acting  on  the  lately  upheaved  slate-rocks,  yet 
Mr.  Godwin-Austen  regards  these  great  conglomerate-beds  as  not  being 
more  than  equivalent  to  the  enormous  shingle-deposits  of  Lake  Superior, 
and  refers  to  the  fact  that  the  whole  extent  of  the  Old  Red  series  of  Great 
Britain  and  Ireland  is  not  equal  to  the  area  of  the  North  American 
lakes.  The  outflow  of  the  fresh  water  of  the  hypothetical  Old  Red  lake- 
system  would  carry  its  fishes  (which  might  also  have  been  of  estuarine 
habits)  into  the  sea-deposils  of  the  period ;  and  thus,  in  Mr.  Godwin- 
Austen's  opinion,  account  for  the  intermixture  of  the  Scottish  fishes  with 
marine  shells  in  the  Devonian  strata  of  Russia.  In  North  America,  the 
Catskill  or  Old  Red  Sandstone  is  rich  with  the  characteristic  fish-remains, 
Hokptychiua  and  Asteraiepisy  but  yields  only  two  kinds  of  shells,— of  the 
doubtful  genus  Cyprieardiiei  (Vanuxem).  Important  objections  to  this 
hypothesis,  however,  are  advanced  by  Sir  Roderick  Murchison,  in  "  Si- 
luria."t 

•  See  also  *'  Siluria,"  p.  264. 

t  See  Godwin* Austen's  remarks,  Quart.  Joum.  Geol.  Soc.  vol.  xiL 
p.  51,  &c  t  "SUuria,"  p.  259,  Ac. 
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8.    STTBDiyiSIOlTff    OF    THE    DSTOlTIAir  StSTEM  :    HeBE- 

P0B3>8HiBE  AHB  lB£LAND.r-*The  Uppermost  beds  of  this 
system,  for  the  most  part,  dip  conformably  beneath  the 
moimtBin-limestone,  or  other  members  of  the  carboniferous 
series,  and  the  lowermost  pass  into  strata  that  belong  to  the 
upper  member  of  the  Silurian  series.  For  the  convenience 
ef  study,  the  deposits  comprised  in  this  formation  in  Here- 
l(M^hire  and  the  neighbouring  coontiea  are  subdivided  into 
i«ro  groups : — 

I.  QvABTZoaB  coNOLOHERATEs,  gAKDSTOMBs,  akd  SHAtBs.  The  Sand- 
stones  are  often  either  of  a  deep  chocolate-red  or  greenish  colour. 
The  -shales  partake  of  the  same  tints,  but  are  frequently  mottled 
tdth  blotches  of  red  and  green.  Fishes  of  the  genus  HokptychitiU 
and  plant-remains. 

n.  Flagstones,  shales,  and  cornstone.  Sandy  flagstones,  with 
intercalated  red  and  greenish  shales,  containing  irregular  bands 
of  concretionary  limestone,  proYincially  termed  "cornstone.' 
Abondant  remains  of  Cephakt^  and  other  peculiar  fishes. 

[This  group  passes  into  the  Upper  Silurian  "  Tilestones ; "  reddish, 
grey,  and  yellowish  shales  and  fissile  sandstones,  which  were 
formerly  grouped  with  Devonian  strata,  but  are  now  recognised 
as  passage-beds  between  the  two  series,  though  most  nearly  con- 
nected, as  to  their  zoolo^cal  contents,  with  the  Silurian.*] 

The  total  thickness  of  this  system  in  Herefordshire  and 
South  Wales  is  estimated  by  Sir  B.  Murchison  at  about 
9000  feet ;  and  in  Brecknockshire  it  constitutes  the  loftiest 
Tpniintainw  of  South  Britaiu.f 

The  red  conglomerates  of  this  system  are  well  displayed 
on  the  right  bank  of  the  Wye,|  from  Monmouth  to  lantern 
Abbey  (Medals,  p.  865)  :  and  the  Devonian  sandstone  and 
conglomerate  form  the  base  of  the  Mountain-limestone  at 
the  embouchure  of  the  Avon,  and  the  central  nucleus  or  axis 
of  the  Mendip  HiUs  (p.  522) . 

*  See  Quart.  Jonm.  Geol.  Soc.  rol.  tiii.  p.  290. 
t  "Silurian  System,"  p.  170,  Ac. ;  and  "  Siluria,"  p.  212. 
t  For  the  section  of  the  Old^  Red  strata  of  the  Wye,  see  Phillips's 
^'Manual  of  Geology,"  1856,  p.  141. 
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In  Ireland  there  are  Beveral  straggling  exposures  of  red- 
dish sandstones  and  conglomerates,  in  the  southern,  central, 
and  northern  districts.*  These  sandstones  are  overkid  at 
places  by  the  ''yellow  sandstones"  and  '' carbonifiBrous 
«lates."t 

4.   DSYOKIAir   STBA.TA.   OF  DbTOKSHIBB  AKD  COBITWALL. 

—In  the  south  of  Devonshire,  in  many  places  dipping  north- 
ward towards  and  beneath  the  anthracitic  or  culmiferoua 
shales  and  limestones  (p.  697),  there  is  an  extensive  series 
of  strata  composed  of  green  chlorite-slates,  alternating  with 
quartsose  schists  and  sandstones,  with  blue  and  grey  lime- 
stones, which  pass  into,  or  are  associated  with,  red  sand- 
stones and  conglomerates.  Many  of  these  beds  abound  in 
organic  remains.  These  slaty  rocks  of  Devonshire  were 
formerly  regarded  as  belonging  to  the  earliest  or  most 
ancient  fossiliferous  strata — ^the  TrantiUon  roeksj  as  they 
were  termed,  until  the  labours  of  Professor  Sedgwick  and 
Sir  B.  Murchison,  aided  by  the  palseontological  research  of 
Mr.  Lonsdale,  ascertained  their  true  position  and  relations, 
and  the  unity  of  type  which  prevails  in  the  organic  remains 
of  the  entire  system,  in  places  very  distant  from  each  other, 
and  under  very  dissimilar  conditions  of  mineral  character. 
The  Devonian  strata  of  South  Devon  extend  westward 
into  Cornwall,  and  the  beautiful  coralline  marbles  of  Bab* 

•  See  Griffith's  Geol.  Map  of  Ireland ;  and  the  Map  accompanying 
Mr.  God  win- Austen's  Memoir  in  the  Geol.  Jonm.  vol.  xii.  p.  46. 

t  See  Portlock's  "Report  on  Londonderry,"  &c. ;  Report  Brit  Assoc. 
*843,  rep.  sect.  p.  42,  and  p.  47 ;  ibid,  1852,  sect  pp.  43, 47,  and  51 ;  Mr. 
Kelly's  paper  in  the  Joum.  Greol.  Soc.  Dublin,  vol.  xii.  p.  1 1 5 ;  and  particu- 
larly Portlock's  Presid.  Address,  1857,  Geol.  Soc.  Joum.  tol.  xiii.  p.  120. 
To  this  late  summary,  by  Gen.  Portlock,  of  the  labours  of  geologists 
among  the  Carboniferous  and  Deronian  rocks  of  Ireland,  the  reader  is 
especially  referred  for  a  philosophical  reriew,  not  only  of  the  relations  of 
these  rocks,  but  of  the  principles  by  which  geologists  should  be  guided  in 
working  out  the  correlation  of  presumed  equiralent  deposits  in  different 
districts.    See  also  Austen,  Rep.  Brit.  Assoc.  1838,  sect.  p.  93. 
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bicombe,  Torquay,  &c.  (pp.  650  and  652)  belong  to  this 
formation. 

In  North  Devon  *  also  there  are  thick  series  of  grittj, 
sandv,  and  sbalj  rocks,  coming  out  from  under  the  black 
anthraciferous  strata  of  the  central  district,  and  presenting 
manj*  characters  in  common  with  the  Devonian  rocks  of 
South  Wales,  from  which  they  are  separated  by  the  Bristol 
Channel. 

From  careful  and  extended  examinations  of  these  rocks 
and  their  fossils  in  North  and  South  Devon  and  in  Cornwall, 
a  serial  order  has  been  recognised,  according  to  which  the 
northern  and  southern  bands  of  strata  are  more  or  less  uni- 
formly arranged,  although  great  differences  in  their  mineral 
composition  and  in  the  variable  abundance  or  paucity  of 
fooails,  and  the  frequent  metamorphic  changes  the  rocks  have 
undergone,  have  made  this  a  difficult  study .f 

Beneath  the  culm-limestones  and  black  shales  with  Fosi- 
donomyw,  succeed — 

(1.)  The  Barnstaple  or  Fetherwin  group  of  strata ;  chiefly 
consisting  of  shales  and  sandstones,  associated  with  a  lime- 
stone containing  a  peculiar  cephalopod,  the  Clymenia^  of  the 
Nautiloid  family.  These  beds  contain  numerous  plant-remains 
(^AMpidariay  Ac),  and  comprise  a  series  of  strata  (the  Pilton 
group)  which  are  the  equivalents  of  the  '^  Yellow  Sandstones  " 
of  Ireland  and  the  Boulonnais,  They  constitute  the  beds  ' 
of  passage  between  the  Carboniferous  to  the  Devonian 
systems,  being  very  closely  related  by  conformability  and 
fossils  to  the  former.  This  group  is  equivalent  also  to  the 
C^pridinen-^ehiefer  and  dymenten-kalk  of  Germany. 

*  See  the  description  of  a  section  across  North  Devon*  in  "  Siluria," 
p.  256. 

t  Sedgwick,  Mnrchison,  Lonsdale,  Austen,  De  la  Beche,  Phillips, 
Shirpe,  Giles,  Peach,  Pattlson,  and  many  others  have  elucidated  these 
strata  and  fossils  in  the  publications  of  the  Geological  Societies  of  London 
and  Cornwall,  and  in  other  works. 

3  B 
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(2.)  The  7?/fae(Mn5  or  P^yimnf^A  group,  <x>mprimng  the  rich 
coral-limestoiies  of  South  Devon:  the  equivalent  of  the 
Eifelian  group  of  the  Devoniiin  rocks  on  the  fihine,  contain- 
ing Stringoeephalui  Bwrtini^  Brante$  fidJbeVifur^  and  Csl- 
eeola  mmdoLinay  as  typical  fossils. 

(3.)  The  lAnto/H  or  AMwrton  group ;  representing  the 
Wiflsenbach-sUtes  of  the  Bhine,  with  Flewrodictffum  pro- 
hlematieum. 

Cornwall  prindpally  consists  of ''  Devonian  "  strata,  with 
metamorphic  schists  or  slates  {hUla»\  and  great  masses  and 
numerous  djkes  {elvani)  of  igneous  rocks ;  but  Silurian  *  or 
Cambrian  t  fossils  have  been  detected  in  the  schists  and 
quartzites  of  two  of  the  southern  headlands  (Nare  Head  and 
the  Dodman). 

The  hillat  are  argillaceous  strata,  probably  of  "  Devonian  " 
age,  that  have  been  mdurated  bj  metamorphic  action,  like 
those  of  Scandinavia  and  the  IJral  Mountains,  and,  as  in 
those  countries,  traversed  by  granites  and  porphyries.  Sir  B. 
Murchison  remarks,^  that  the  stanniferous  (tin-hearing) 
gravels  of  Cornwall  bear  the  same  relation  to  the  granite 
and  killas  as  the  auriferous  deposits  of  the  Urals  to  the 
erupted  and  schistose  rocks  of  that  chain. 

5.  Detokian  Sebies  ob  Old  Bed  of  Sootlavi).— Tlie 
deposits  of  this  system  occupy  an  important  place  ia  the 
geology  of  Scotland.  They  have  of  late  years  attracted  con- 
siderable attention  from  the  interesting  fossils  they  have 
yielded,  and  the  admirable  illustrations  of  the  most  import- 
ant phenomena  given  by  the  late  Mr.  Hugh  Miller  in  hi  4 
delightful  and  instructive  work8.§    According  to  this  charm- 

•  Murchison;  Transact.  Roy.  Geol.  8oc.  Cornwall,Tol.  ri.  p.  317,  &c. 

t  Sedgwick ;  Quart  Joum.  Geol.  Soc.  vol.  viii.  p.  1,  &c. 
Jameson's  Edinburgh  Journal,  1847,  vol.  xliii.  p.  40. 

$  It  is  scarcely  necessary  to  enumerate  those  of  the  well-knowa 
works  of  this  gifted  and  lamented  writer  which  more  especially  refer  to 
his  faronrite  and  long-studied  group  of  the  *'  Old  Bed "  strata.  The 
student  must  necessarily  hare  frequent  recourse  to  the  following  for 
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ing  writer,  tlie  whole  of  the  north-eastem  part  of  Scotland, 
from  the  Fentliind  Frith  to  the  mouth  of  the  Biver  Spey, 
consists  of  Devonian  deposits  resting  on  a  central  nucleus  of 
crjstalline  rocks,  viz.  granite,  gneiss,  and  micaceous  schists. 
Similar  strata  are  also  found  in  insulated  patches  in  various 
places  of  the  interior  of  the  country. 

South  of  the  Grampians,  Devonian  strata  underlie  the 
Carboniferous  strata  of  Fifeshire ;  and  a  zone  of  these  de- 
posits skirts  the  southemflank  of  those  mountains,from  Stone- 
haven to  the  Frith  of  Clyde,  and  constitutes,  with  intrusive 
trap-rocks,  the  Sidlaw  Hills  and  the  Yalley  of  Strathmore. 

In  a  aectioQ  *  of  the  country  from  the  foot  of  the  Grampians,  in  For- 
Cuahire,  to  the  sea  at  Arbroath,  a  distance  of  about  twenty  miles,  where 
the  entire  maa  of  strata  is  several  thousand  feet  thick,  a  triple  division 
of  the  Old  Red  Sandstone  is  very  obvious ;  nsmely,  Ist,  and  uppermost, 
yellowish  sandstones,  red  and  mottled  shales,  comstone,  and  sandstone. 
2.  Conglomerates,  often  of  vast  thickness.  3.  Tilestones  and  paving- 
stones,  highly  micaceous.  The  lowermost  beds  contain  remains  of  grass- 
like or  fucoidal  plants  in  abundance,  together  with  numerous  small  black 
patches  {Parka  deeipims  of  Fleming)  resembling  crushed  blackberries, 
tome  of  which  have  been  regarded  as  the  catkins  of  plants  resembling 
nishes  or  sedges  (Sparganium),  whilst  others  have  been  thought  to  re 
semble  more  nearly  the  spawn  of  newts  and  other  animals.f 

The  following  is  a  general  classification  of  the  Devonian  rocks  of 
North  Britain.^ 

!  Sandstones  and  shales.  Reptiles  (  TBlerpeUm  Elgmerue 
and  foot-tracks) ;  numerous  fishes ;  some  plant-re- 
mains. Pebbly  grits  and  sandstone.  Remains  of 
fishes  and  planU 

critical  information  on  this  interesting  series  and  its  fossils :— '*  The  Old 
Bed  Sandstone,  or  New  Walks  in  an  Old  Field ; "  '*  The  FootprinU  of  the 
Creator,  or  the  ^terolepis  of  Stromness ; "  and  "  The  Testimony  of  the 
Bocks." 

«  See  Lyell's  "  Manual  of  Geology,'*  5th  edit  p.  48 ;  and  Murchison's 
"SUuria,"?.  248. 

t  See  Quart  Joum.  Geol.  Soe.  vol.  viiL  p.  106 ;  and  Lyell's  "  Manual 
of  Geology,"  5th  edit  p.  421. 

t  Page's  "  Text  Book,"  p.  124 ;  Lyell's  *<  Manual,"  p.  415,  &c    Sea 
•]«>Rep.  Brit  Assoc.  1855,  sect  p.  92. 
3  B  2 
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/  Sandstones  and  con^omeratea,  with  shales  and  com- 
iri°^"       \      stonw-    (Tl»  typical  "  Old  Red  "  of  Cumberland, 
or  Red  Group.   I      Fife.  Perth,  and  Forfar.) 

/  Micaceous  sandy  flagstones,  sometimes  bituminous; 
LowBK       \     numerous  fishes  and  plants  (Caithness) ;  flagstones 
or  Grey       J     and  tilestones ;    fishes,  crustaceans    {Pterygohu)^ 
Group.        J     and  plant-remains  (Forfarshire) ;  with  sandstones 
V     and  conglomerates. 
The  predominating  colour  of  the  great  sandstones  and 
conglomerates  has  probably  been  derived  from  the  debris  of 
the  red  granitic  gneiss  which  forms  chains  of  precipitous 
ridges  in  the  north  of  Scotland.    This  rock  contains  hsma- 
titic  iron-ore,  diffused  as  a  component  of  the  stone  through- 
out its  entire  mass ;  and  this  metal  also  occurs  in  insulated 
blocks  of  great  richness,  and  in  thin  filiform  veins.* 

6.  Devoniak  books  op  the  CoKTiinBKT  AND  America. 
— On  the  Continent,  Devonian  strata  are  of  wide  extent.f 

They  have  been  well  studied  in  Brittany,  the  Boulonnais,  and  Belgium. 
In  Rhenish  Prussia  and  the  adjacent  districts  of  Germany,  they  underlie 
the  carboniferous  series,  and  may  be  traced  around,  and  dipping-imder, 
the  coal-field  of  Westphalia.  In  the  Rhenish  Provinces,  though  the 
strata  are  often  greatly  contorted  and  broken,  and  even  sometimes  in- 
verted or  bent  back,— the  younger  lying  over  the  older  beds, — yet  a  perfect 
and  complete  succession  of  groups  of  Devonian  strata  have  been  shown 
to  exist  in  this  region,  chiefly  by  the  labours  of  Sedgwick  and  MurchisDn,^ 
d'Archiac  and  De  Vfemeuil,  Rcemer.  and  the  brothers  Sandberger. 

•  MUler's  •*  Old  Red  Sandstone,"  p.  248. 

f  See  Murchison  and  Nicol's  Greol.  Map  of  Europe ;  "  Siluria,"  chapters 
10.  13.  14.  and  15 ;  and  Phillips'  '<  Manual."  p.  144. 

X  The  important  Memoir. "  On  the  Distribution  and  Classification  of  the 
Older  or  Palesozoic  Deposits  of  the  North  of  Germany  and  Belgium,  and 
their  Comparison  with  Formations  of  the  same  age  in  the  British  Isles," 
^by  Sedgwick  and  Murchison,  in  the  Geol.  Trans.  2nd  ser.  vol.  vi.  p.  221, 
&c..  followed  by  MM.  d'Archiac  and  De  Vemeuil's  "  Descriptions  of  the 
Fossils  of  the  Older  Deposits  in  the  Rhenish  Provinces  "  {ibid.  p.  303),  was 
the  groundwork  for  subsequent  labours  in  this  field.  A  fuU  r^sum6  of 
the  subject,  enriched  with  all  the  corrections  and  additions  made  since 
1840,  and  noticing  the  views  of  others  relative  to  some  discussed  points 
of  classification,  has  been  given  to  the  public  in  Sir  R.  Murchison's  late 
work  on  the  history  of  the  Palaeozoic  rocks,  "Siluria;"  and  to  thb 
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The  geneiml  order  of  the  Rhenish  Deyonian  series  appears  to  be»  let, 
(oppermoet),  Cypridina-schists,  Clymenia-Iimeetones,  and  Goniatite- 
schists ;  2.  the  great  Eifel-limestone  and  Calceola-schist ;  3.  Wi^pen- 
bach-echists  and  the  Coblentz-grey  wacke  or  Spirifer-saudstone. 

In  Russia,  according  to  the  researches  of  Sir  R.  I.  Murchison  and  his 
oolleagoes,*  the  Deronian  strata  extend  over  an  area  of  150|0(K)  square 
miles,  a  region  more  spacious  than  the  British  Isles;  and  yet  throughout 
this  vast  superficies  the  series,  though  of  less  thickness,  is  even  more 
distinctly  marked  by  its  typical  fossils  than  in  the  disturbed  districts  of 
oar  own  little  Island :  for  the  fossil  fishes  of  Old  Red  schists  of  Scotland, 
and  the  fossil  shells  of  Devonshire  and  the  Eifel,  are  there  found  in  the 
same  deposits. 

In  North  America,  the  Devonian  deposits  appear  in  a  very  prominent 
and  characteristic  form,  surrounding  «ich  of  the  great  coal-fields  of  the 
United  States ;  and  consist  of  a  thick  series  of  shales,  sandstones,  and 
flagstones,  often  rich  with  Devonian  fossils,  surmounted  by  red  sandstone, 
conglomerate,  and  shales  containing  remains  of  some  of  the  peculiar  fishes 
which  are  so  abundant  also  in  the  "  old  red  sandstone  "  of  England  and 
Scotland.  These  Devonian  rocks  of  North  America  are  divided  into  the 
following  12  groups,  in  descending  order,  the  Catskill,  Chemung,  and 
Portage  groups,  Genessee  slate,  Tully-limestone,  Hamilton  group,  Mar- 
oellns-shales,  Coxniferous  and  Onondaga  limestones,  Schoharie  and  Cauda- 
gUU  grits,  and  the  Oriskany  sandstone.  Devonian  rocks  occur  also  on 
the  eastern  side  of  the  Rocky  Mountains,  along  the  great  Mackenzie 
valley.t 

Devonian  fossils  have  been  found  also  in  South  America  (D'Orbigny),} 
the  Falkland  Islands  (Darwin),{  Australia  (Strezlecki),||  North  and 
South  Africa  (OverwegH  and  Bain),**  and  China.ft  In  fact,the  Devonian 
rocks  are  perhaps  the  most  widely  spread  of  all  the  paleozoic  groups. 

standard  authority  the  reader  is  referred  for  a  full  account  of  the  De- 
Tontan  rocks  of  Germany  and  Belgium,  and  a  comparison  of  these  with 
the  Old  Red  series  of  Britain  and  other  countries. 

*  "  Geology  of  Russia  in  Europe  and  the  Ural." 

f  Richardson  and  Isbister,  Geol.  Soc.  Joum.  vol.  xL  p.  509. 

X  *'  Voyage  dans  i'Amerique  M^ridionale,"  p.  35. 

i  Quart.  Joum.  Geol.  Soc.  vol.  ii.  p.  274. 

II  *'  Physical  Description  of  New  South  Wales  and  Van  Diemen's 
Land:  Appendix. 

f  Rep.  Brit.  Assoc.  1851,  sect.  p.  58. 

•*  Trans.  Geol.  Soc.  2nd  ser.  vol.  Tii.  pp.  182  and  224. 

ft  Bullet.  I'Acad.  Belg.  vol.  xiii.  part  2,  p.  415.  Quart.  Journ.  GeoL 
Soc.  vol.  ix.  p.  353 ;  and  ibid,  vol.  xiL  p.  378. 
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7.  Obgakio  BsMAnrs  ov  the  Detokiak. — The  deposits 
comprised  under  the  names  of  the  "  Old  Bed  '*  and  ^  Devoni- 
an" were  formerly  regarded  as  very  sterile  in  organic  remains, 
and  classed  among  the  so-caUed  Transitionrocks  (vol.  i.  p.  37), 
in  which  it  was  supposed  that  traces  of  animal  life  first  ap- 
peared. Modem  researches,  however,  have  shown  that, 
though  many  of  the  strata  are  locally  unproductive  in  fossils, 
yet  others  abound  in  the  remains  of  corals,  shells,  crustaceans, 
and  fishes.  The  marine  fauna  of  this  period  is  extremely 
rich,  containing  certain  peculiar  types,  but,  as  a  whole,  form- 
ing a  connecting  link  between  the  zoology  of  the  Silurian 
series,  which  preceded  it,  and  the  Carboniferous,  which 
foUowed. 

Ichtbyolites  are  abundant,  and  occasionally  crustaceans, 
in  some  of  the  sandstones  of  Caithness,  Cromarty,  Forfar^ 
Gamrie,*  and  other  localities  in  Scotland,  and  in  the  Old  Bed 
Sandstone  of  Herefordshire  ;  but  only  very  slight  traces  of 
shells  have  been  found.  In  the  limestones  and  schists  of 
Devonshire,  on  the  contrary,  shells,  corals,  crinoids,  and  tri- 
lobites  are  numerous. 

Plants. — Of  the  vegetable  kingdom,  many  traces  are 
found  in  the  Devonian  series ;  as  well  as  occasional  inter- 
calations of  thin  layers  of  coal  and  carbonaceous  strata.  As 
a  whole,  the  Devonian  flora  is  nearly  related  to  that  of  the 
subsequent  Carboniferous  period. 

The  flagstones  of  Forfarshire  abound  with  impressicMis  of  obscare  plant- 
remains,  and  amongst  these  are  fonnd  the  blackberry-like  fossils,  already 
alluded  to  under  the  name  of  Par^  decipiens  (p.  787).  These  are  groups 
of  small,  flattened  hexagonal,  carbonaceous  bodies,  occupying  slight  de- 
pressions in  the  stone ;  and,  according  to  some  obserrers,!  are  not  always 
relics  of  seeds,  but  frequently  are  the  remains  of  the  spawn  of  molluscs 
and  batrachians,  and  even  possibly  of  crustaceans  and  fishes. 

•  Prestwich,  Geol.  Trans.  2nd  ser.  toI.  v.  p.  139. 

t  Fleming,  in  Edlnb.  Joum.  Nat.  Science,  1831,  vol.  iii.,  and  in  Murchi- 
son's  *'  Siluria,"  p.  266 ;  Manteli,  Quart  Joum.  Geol.  Soc.  vol  viiL 
p.  106;  Lyell,  Manual,  p.  421 ;  Page,  Text-book,  p.  126. 
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The  fla^itoiies  of  CaithneM  and  the  Orkneys  have  afforded  much  more 
diatmct  evidences  of  the  Devonian  flora.  According  to  Mr.  Salter,*  we 
have  here  the  stems  and  roots  of  Conifers  in  abundance,  with  remains 
of  Lycopodiaceoos  plants,  not  altogether  dissimilar  from  some  portions 
of  the  rich  Devonian  flora  of  the  Thiiringerwald,  collected  and  described 
by  Richter  and  Unger.f 

In  the  **  Yellow  Sandstone  "  of  Knocktopher,  near  Kilkenny,  which  is 
usually  classed  as*  Upper  Devonian,  ferns  {Cyclopterit  Hibemica),  Le- 
pidodendnm,  LepidophyUum,  and  Stigmaria  occur  in  profusion,  asso- 
ciated with  remains  of  Holoptifchku,  Pterygohu^  and  an  Anodonta-like 
•heU.{  In  North  America  also  plant-remains  are  frequent  in  the  Devonian 
strata,  and  Lepidodendron  occurs  low  down  in  the  series.  Prof.  Daw- 
•on  f  has  recognised  coniferous  wood  in  the  Devonian  rocks  of  Gasp6, 


Zoophyieij  ^.|  —  The  CoraU  and  Crinoids  are  numerous, 
and  many  of  the  genera  are  foun^  also  both  in  the  Silurian 
and  the  Carboniferoua  rocks.     Alveolites^  FaoanteSf   and 

*  Quart.  Jonm.  Oeol.  Soc.  vol.  ziv.  p.  72.  See  also  Hugh  Miller's 
"Testimony  of  the  Rocks." 

f  Vienna  Acad.  Transact,  vol.  zi. 

I  Report  Brit  Assoc.  1852,  rep.  sect.  p.  43.  See  also  Prof.  Hark- 
ness's  paper  on  the  **  Occurrence  of  Scalariform  Tissue  in  the  Devonian 
Rocks  of  Ireland."   Edinb.  New  Phil.  Joum.  vol.  iv.  p.  65. 

i  Proceed.  Americ  Assoc.  10th  meeting,  p.  174 

U  For  figures  and  descriptions  of  the  fossil  invertebrata  of  the  Pale- 
ozoic rocks  of  Cornwall,  Devon,  and  West  Somerset,  the  student  must 
consult  Prof.  Phillips's  able  "  Report  Pal.  Fobs.,"  &c.,  1841 ;  and  the 
Memoirs  by  Sedgwick,  Murchison,  Lonsdale,  and  Austen,  in  the  Geol. 
Transact.  2nd  ser.  vols.  v.  vi.,  &c  The  Devonian  Corals  of  Britain  form 
the  sobject  of  a  beautiful  Monograph,  by  Milne  Edwards  and  Haime,  pub- 
lished by  the  Palcontographical  Society,  1853.  Agassiz's  "  Poiss.  Poss." 
«Dd  Hugh  Miller's  "  Old  Red  Sandstone  "  and  other  works  Ulustrate  the 
Devonian  fishes.  The  Devonian  fossils  of  Germany  may  be  studied  in  the 
special  Memoirs  by  D'Archiac  and  DeVenienil, Richter  and  Unger,Rcemer, 
the  Sandbergers,  GeiniU,  ^. ;  those  of  France  are  illustrated  in  many 
papers  in  the  Bulktin  and  M^moim  of  the  Geological  Society  of  France ; 
and  those  of  Russia  have  been  described  by  D'Orbigny,  and  beautifully 
figured  in  the  ''GeoL  Russia."  Hall,  Vanuzem,  and  others  have  well 
Olostrated  the  Devonian  fossils  of  North  America.  Several  Devonian 
foasito  are  well  figured  in  Lyell's  **  Manua',"  5th  edit.,  and  in  Murchi- 
■oa*s'*Sattria." 
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Oyathophyllum  are  common  in  the  Mountain-limestone,  the 
Devonian  marbles,  and  the  Upper  Silurian  of  Dudley.  The 
crinoideans  comprise  several  genera,  especiallj  Oyathacrinut 
(p.  664)  and  Hexaerinw.  ^eniremitea  and  EchinaaphwrUes 
also  occur.  The  brjozoa  also  are  well  represented  in  the 
Devonian  rocks. 

Mollusca, — The  shells  in  some  districts  are  veiy  numerous, 
consisting  of  many  genera  of  gasteropoda ;  as,  JEuomphalw, 
Laxanema,  Pleurotofnaria,  Murchisonia,  &c, ;  and  acephala^ 
as  Avicula^  Oucullaa,  MegaXodan^  Nucula,  &c. 

But  the  most  remarkable  feature  in  the  conchology  of 
this  epoch  is  the  abundance  of  the  ancient  types  of  brachio- 
poda.  In  the  British  Devonian  strata  alone  have  been 
determined  of  Aihyria  7  species,  LepUma  8,  OrthU  12, 
Bhynehmella  19,  and  of  Spirtfer  27. 

Of  the  higher  order  of  molluscous  animals,  species  of 
five  genera  are  met  with  in  Devonshire.  The  most  common 
belong  to  Orthoeeras,  OyrtoceraSy  Goniatiteg,*  and  Clymenia.f 
The  Orthoceratites  in  the  limestones  of  Devonshire  often 
attain  a  large  size.  The  shell  is  commonly  changed  into 
white  calcareous  spar,  which  in  sections  forms  a  beautiful 
contrast  with  the  red  hue  of  the  surrounding  rock.}  Two 
species  of  Nautihu  are  found  in  Devon,  and  five  species  of 
the  heteropodous  Belleraphon, 

8.  CsusTAOEANs  OF  THE  DsTOiTiAir  Sebies. — In  this 
formation  the  chief  pabDozoic  type  of  Crustaceans,  the  Tri- 
lobite,  is  present  in  considerable  numbers,  though  not  rival- 
ling the  myriads  that  are  imbedded  in  the  Silurian  rocks. 

•  Medals,  p.  482.  f  Medals,  p.  473. 

X  Polished  slices  of  marble  marked  with  sections  of  Orthoceratites  are 
sold  by  the  lapidaries  of  Torquay  and  Teignmouth.  Medab»  p.  474.  The 
carious  bodies,  termed  "  Beekttes,"  which  are  found  in  the  New  Bed 
Conglomerate  of  Torquay,  appear  to  hare  been  rolled  fossils  of  the  Devo- 
nian limestone,  which  have  been  coated  with  chalcedony  whilst  in  the 
conglomerate,  and  afterwards  decomposed  to  a  greater  or  less  extenL  See 
Rep.  Brit.  Assoc.  1856,  sect.  p.  74. 
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The  Phaeopt  is  a  common  form ;  the  spinose  Homolonoti*  are 
characteristic ;  and  a  peculiar  trilobite,  termed  Brontes  fldbeU 
Itfer^  has  hitherto  been  found  only  in  the  Devonian  deposits. 

Bterygoiui. — ^A  large  species  of  an  extinct  genus  of  crus- 
taceans, of  a  low  type,  occurs  in  the  Devonian  sandstone  of 
Forfarshire,  Herefordshire,  &c. ;  and  fragments  of  the  cara- 
pace or  shell  have  long  been  known  to  collectors  as  ^* petri- 
fied 8eraphim9j*  the  name  applied  to  these  fossils  by  the 
quarrymen,  from  their  £mcied  resemblance  to  the  conven- 
tional figures  of  cherubs.f  The  first  specimens  which  threw 
light  on  the  nature  of  the  original  were  discovered  by  Mr. 
Hugh  Miller  at  Balruddery.  The  carapace  of  this  animal 
forms  a  somewhat  semicircular  shield,  and  the  long  part  of 
the  body  is  protected  by  a  succession  of  transverse  plates, 
terminated  by  a  caudal  flap4  The  claws  resemble  those  of 
the  common  lobster.  The  crustaceous  covering,  or  shell,  is 
omunented  externally  with  circular  and  elliptical  markings, 
which  give  it  an  imbricated,  scaly,  and  somewhat  feathered 
appearance:  and  it  was  the  imprints  of  this  surfiioe  that 
produced  the  enigmatical  fossils  to  which  the  workmen 
ascribed  a  celestial  origin !  Some  specimens  in  dicate  a  total 
length  of  eight  feet. 

iPierygotu9  occurs  also  in  the  uppermost  of  the  Silurian 
deposits ;  and  Ewrypterw^  an  allied  genus,  occurs  both  in  the 
Upper  Silurian  and  in  the  Carboniferous  rocks.  Some  of 
the  small  bivalvular  entomostraca  occur  also  in  the  Devonian 
rocks,  such  as  the  Leperditia ;  §  and  a  great  group  of  schists 

•  LyeU's  "  Manual,"  p.  429.  f  Miller's  "  Old  Red  Sandstone." 
I  See  Lyell's  "  Manual,"  5th  edit.  p.  420,  for  a  restored  figure  of 
this  animal,  by  Prof.  M'Coy ;  and  the  Quart  Joum.  Geol.  Soc.  vol.  xii. 
p.  28,  for  a  figure  of  Himantopterus  (a  closely  allied  form),  by  Mr.  Salter ; 
•ee  also  Salter,  ihid,  vol.  riii.  p.  386,  and  Agassiz,  **  Foss.  Yteux  Grte 
Bouge,"  p.  xiz.  By  the  kind  permission  of  Sir  R.  Murchison,  the  Editor 
can  also  refer  to  p.  155  of  the  new  edition-of  "  Siluria,"  now  in  the  presst 
for  a  restored  figure  of  Pterygotus,  by  Mr.  Salter. 
§  Annals  Nat.  Hist.  2nd  ser.  vol.  xvui.  p.  89 
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ui  the  upper  part  of  the  series  is  so  full  of  the  shells  and 
casts  of  entomostraca,  hitherto  supposed  to  be  C^ridifue, 
that  they  are  known  as  the  *'  Cypridinen-schiefer.**  It  is 
highly  probable,  however,  that  these  entomostraca  will  prove 
to  have  little  or  no  relation  to  the  Oypridina  of  M.  Milne 
Edwards,  when  carefully  examined  by  crustaceologists. 

9.  Fishes  and  Beptilss  of  the  Devokiak  Sebdbs. — 
M.  Agassiz  has  determined  no  less  than  one  hundred  species 
of  fossil  fishes  from  the  Devonian  formation,  in  which,  not 
very  many  years  since,  a  few  doubtful  scales,  discovered  in 
Forfarshire  by  the  late  Dr.  Fleming,  were  the  only  known 
vestiges  of  this  class  of  vertebrated  animals.  In  the  British 
series  there  are  upwards  of  ninety  species,  belonging  to 
about  thirty-five  genera.     Of  these,  the  most  characteristic 


Lion.  1M.- Cxphalabpu  Ltklui. 

A  flattened  ipeclroen  showinff  the  dorul  mrflioe.    (One-foarth  the  net.  eiie.) 
Prom  the  DeTonien  strmte  of  OUuamis.la  F^nfkrahlre. 

are  the  Cephakupisy  Pferichthys,  and  Ooeeosteus,  which  form 
a  group  of  extinct  genera,  that  have  only  a  few  representa- 
tives in  the  uppermost  portion  of  the  Silurian  formation  be- 
low, and  none  in  the  Carboniferous  rocks  above;  nor,  except 
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bj  distant  and  fiunt  analogies  with  existing  fishes,  can  these 
remarkable  organisms  be  brought  within  the  pale  of  zoologi- 
cal arrangement.  These  ichthyolites  agree  in  one  general 
character,  that  of  having  relatively  enormous  osseous  plates 
or  escutcheons  covering  the  head  and  anterior  portion  of  the 
body. 

CepkdUupU,* — In  the  extraordinary  genus  of  fishes,  named 
CephaUupU  (JSead^mckler)  by  M.  Agassiz,  the  head  is 
covered  by  a  broad  and  thin  buckler  or  shield  of  bone.f 
The  scales  of  the  tail  formed  elevated  bands,  and  the  rays  of 
the  fins  were  covered  by  the  membrane  which  elsewhere  sur- 
rounded them.  From  the  large  size  of  the  plate  forming 
the  cover  of  the  head,  its  lamellar  structure,  and  crescent- 
Hke  form,  terminating  backwards  in  two  horns  or  points, 
detached  specimens  were  formerly  supposed  to  belong  to  tri- 
lobites  or  some  other  crustaceans.  The  body  is  covered  with 
scales,  and  the  shield  is  sometimes  ornamented  with  radiated 


Lioy.  18f CsrHALAtFU  LTUxn. 

lAt«nl  rlcwyshowinff  the  produced  dorsal  lobe  of  the  tall. 

markings,  as  in  Cephalaspit  omatus  and  C.  verrucosus.X 
Numerous  remains  of  these  fishes  have  been  found  in  the 
Devonian  strata  of  Herefordshire,  Scotland,  and  Bussia.  Mr. 

•  Medals,  p.  610.         f  Huxley ;  Geol.  Proceed.  January  6th,  1858. 
X  Quart.  Joum.  Geol.  Soc.  vol.  xIt.  p.  48. 
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Miller  states,  tliat  in  Scotland  they  are  principally  restricted 
to  the  group  of  comstone  and  marls.  Some  species  occur 
also  in  the  uppermost  Silurian  strata. 

Pteriehth^i.* — The  fishes  of  this  genus  are  distinguished 
by  two  wing^like  lateral  appendages,  which,  like  the  spines 
of  the  common  Bull-head  {Cotttu  gohio),  were  weapons  of 
defence.  The  head  and  anterior  part  of  the  body  are  covered 
with  large  angular  tuberculated  scutcheons.  There  are  two 
eyes,  which  are  placed  in  front  of  the  lateral  spines.  Ten 
species  occur  in  the  British  strata;  mostly  not  exceeding 
eight  or  ten  inches  in  length. 

CbdcM/^M.f-^In  form,  and  in  the  arrangement  of  the 
bony  scutcheons,  the  fishes  of  this  genus  have  a  resemblance 
to  the  Fterichthys.  The  plates  are  tuberculated ;  the  tail  is 
very  long,  covered  with  scales,  and  supports  a  fin.  There 
are  four  or  five  species,  varying  in  length  from  a  few  inchee 
to  two  feet.  Their  remains  are  the  most  abundant  of  the 
ichthyolites  of  the  Old  Bed  rocks.  Patches  of  detached 
scales  and  separate  osseous  plates  are  very  frequent  in  the 
sandy  comstones  and  subcrystailine  limestones.  They  are 
usually  of  a  brilliant  blue  or  purple  colour,  which,  strong- 
ly contrasting  with  the  dull  red  tint  of  the  surrounding 
rock,  renders  them  easy  to  be  detected.  This  colour  is  sup- 
posed to  be  due  to  the  presence  of  phosphate  of  iron.$  In 
none  of  these  fishes  have  any  traces  of  vertebne  been  dis- 
covered ;  it  is  therefore  probable  that  the  spinal  column  was 
cartilaginous,  as  in  the  Sturgeon. 

Hohptychiw, — My  limits  will  only  admit  of  a  rapid  no- 
tice of  a  few  other  Devonian  ichthyolites.  Among  these, 
several  species  of  the  large  ganoid  fishes,  named  Hohpty^ 
chioBy^  from  the  peculiar  character  of  the  scales,  are  most 

•  Wing-fiih.  Medals  of  Creation,  p.  612.  Miller's  *'  Old  Red  Sand- 
stone." 

t  Berry-honed :  from  the  plates  being  studded  over  with  small  tuber- 
cles. Medals  of  Creation,  p.  614 ;  Miller,  op.  eit, ;  and  "  Siluria,'*  p. 
252.  t  "  Silurian  System."  p.  588. 

{  SoUd'Wrinkled,    A  splendid  specimen  of  B,  noMiMsimtu,  twenty- 
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■trikinglj  oonspicuouB.  This  genus  we  have  already  noticed 
in  the  account  of  the  carboniferous  ichthjolites  (p.  770). 

Dendrodus, — ^This  fish  is  allied  to  the  Holoptychius,  but 
the  structure  of  the  teeth,  scales,  and  occipital  plates  is  pe- 
culiar. The  teeth  are  of  a  conical  form,  slightly  curved, 
solid  throughout,  and  finely  striated  longitudinally;  and 
the  calcigerous  tubes  are  so  disposed  as  to  produce  a  den- 
dritical  or  arborescent  appearance  in  transverse  sections ;  a 
character  which  is  expressed  by  the  name  Dendrodus,*  given 
to  the  fish  by  Prof.  Owen. 

Diptenu  and  Diploptenu  are  two  nearly  related  genera 
of  ganoid  fishes,  so  named  from  their  possessing  two  dorsal 
fins,  which  are  placed  opposite  the  anal  and  ventral  fins. 
These  fishes,  together  with  the  OtteolepUjf  another  common 
Devonian  genus,  have  bony  scales  plated  with  enamel  and 
finely  punctated ;  and  their  jaws  consisted  of  enamel  without 
and  bone  within,  and  were  beset  with  sharp-pointed  teeth. 

QlyptolepUf  Cheirolcpis,  and  Cheiracanthus  }  are  other  cha- 
racteristic fishes  of  this  series  of  deposits.  Of  the  placoid 
fishes  (p.  352),  species  of  the  genera  Onehus  and  Otena- 
eanihw  have  been  discovered ;  but  the  placoideans  are  but 
feebly  represented  in  the  Devonian  epoch,  while  the  ganoid 
group  is  largely  developed. 

Septiles. — The  most  ancient  reptilian  ichnolites  or  foot- 
prints are  those  discovered  by  Capt.  Brickenden,§  in  the 
Old  Bed  Sandstone  of  Cummingston,  near  Elgin,  which  re- 
semble the  track  of  a  Chelonian  reptile.    But  still  more  in- 

eiglii  inches  long,  is  figured  in  "  Silurian  System,"  pi.  2,  and  is  now  in 
the  British  Museum ;  "  Petrif."  p.  434. 

•  IVte-iooth.    Medals  of  Creation,  p.  618.  and  PI.  VI.  fig.  8. 

f  Bonv-scaU,  Miller's  "Old  Red  Sandstone,"  p.  80;  and  '<Foot- 
]>rints  of  the  Creator,"  p;  30. 

I  Carvtd'Meale,  Hand-^eal$,  and  Hond-thom,  Consult  Hugh  Miller's 
works  above  quoted ;  Agassiz's  beautiful  Monograph  on  the  Fishes  of 
the  Old  Red  Sandstone ;  and  Murchison's  "  Silurian  System." 

f  Quart.  Jotun.  Oeol.  Soc  toI.  nil.  p.  97. 
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teresting  evidence  of  the  existence  of  oviparons  quadrupeds 
in  the  Devonian  period  haa  been  afforded  by  Mr.  Duff's  dis- 


tion.  lM.->TsLsap]cTOi«  BLontxitn.   Pram  the  Old  Bed  Saadftwe  of  BcoOuid. 
OntUat  of  Am  rwtored  form  of  tho  orlciaal  npUlt :  one-half  the  natuml  sixe. 

covery  of  the  skeleton  of  a  small  reptile  in  the  same  sand- 
stone, near  Elgin,  that  has  yielded  the  footprints.  This  is 
the  Telerpeton  Elginense  (Mantell),*  a  lacertian  reptile  with 
batrachian  modifications.  Liffn,  186  exhibits,  in  outline, 
the  probably  newt-like  shape  of  this  interesting  pabsozoic 
reptile,  at  half  the  natural  size. 

10.  The  Silubiak  and  Cambeiait  Bockb. — ^By  reference 
to  the  synoptical  arrangement  of  the  formations  (p.  205), 
it  will  be  seen,  that  the  great  interval  between  the  hypogene 
rocks  (gneiss  and  mica-schist),  and  the  Devonian  series,  as 
above  described,  is  occupied  by  an  immense  thickness  of 

*  Quart.  Joum.  Geol.  Soc.  Tol.  Tiii.  p.  100;  and  <*  Medals  of  Graiticni," 
Tol.  ii  p.  720.  This  specimen  was  described,  under  the  name  of  L^^ 
pitunm  laeertimttn,  by  Prof.  Owen,  in  the  **  Literary  Gaxette,"  contempo- 
raneously with  Dr.  M aniell's  commonication  on  the  subject  to  the  Geo- 
logical Society. 
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slate-rocks,  limestones,  sandstones,  and  ai^iillaceons  strata. 
These  deposits  were  formerly  grouped  with  some  of  the  De- 
vonian rocks,  under  the  name  of  Transitum-roeki ;  a  desig- 
nation applied  bj  the  celebrated  Werner  upon  the  supposi- 
tion that  they  were  formed  when  the  world  was  in  a  state  of 
transition  from  a  chaotic  to  a  habitable  condition:  thej 
were  also  termed  OrauwaeJee*  from  the  hardened  gritty 
character  of  many  of  the  strata,  but  the  whole  series  is  now 
divided  into  two  natural  groups.  The  uppermost  has  been 
designated  the  Upfsb  SiLirBiAir,t  by  Sir  B.  I.  Murchison, 
whose  indefatigable  researches  have  determined  the  true 
position,  relation,  and  character  of  these  deposits ;  the  lower 
group  being  his  Lower  Siltjbiak  and  Bottom  Bocks: 
whilst,  by  the  Bev.  Professor  Sedgwick,  whose  successful 
labours  in  this  difficult  field  of  geological  investigation  have 
renc'ered  dear  and  intelligible  many  phenomena  which  were 
previously  involved  in  doubt  and  obscurity,  the  upper  group 
is  termed  Silubiak,  and  the  lower  one  Cambrian.} 

We  have  liere  the  inamvenience  of  a  double  set  of  tenns,  which  be- 
came attached  to  these  important  groups  of  lower  palaeozoic  rocks  in  this 
wise.  When  Sir  R.  Murchison  was  reducing  to  order  and  classifying  his 
"  Silurian  "  rocks  \  of  Shropshire,  which  were  found  to  repose  on  the 

*  Prom  the  German  grauy  grey,  and  waM^  a  name  employed  by  the 
German  miners  to  denote  some  hardened  grits  and  basaltic  rocks. 

f  SOmrian — a  term  derived  from  Sihtrei,  the  ancient  Britons  who  in- 
habited those  parts  of  onr  Island  where  these  strata  ure  most  distinctly 
derdoped. 

X  Cawtbrian — from  the  old  name  of  Wales.  In  the  Map»  p.  474,  the 
Sflorian  and  Cambrian  rocks  are  denoted  by  the  same  number  (8)  and 
colour. 

f  See  the  dassic  work,  "  The  Silurian  System,  founded  on  Geological 
Besearches  in  the  Counties  of  Salop,  Hereford,  Radnor,  Montgomery, 
Caermarthen,  Brecon,  Pembroke,  Monmouth,  Gloucester,  Worcester,  and 
Stafford;  with  Descriptions  of  the  Coal-fields  and  orerlying  Formations;" 
by  Roderick  Impey  Murchison,  F.  R.  S.,  Ac.,  4to,  with  a  Map  and  nu- 
menms  Illustrations.  London,  1839.  The  publication  of  this  splendid 
work  formed  an  era  in  British  geology ;  it  is  a  noble  monument  of  pft- 


800 


THE  WONDERS  OF  6S0L06T.  Lact.  YIIL 


unfoflsUiferons  grey  wacke  of  the  Longmynd,  Prof.  Sedgwick  was  eluci- 
dating the  contorted,  dislocated,  and  slaty  rock-masses  of  North  Wales,* 
which  he  termed  "  Cambrian,"  and  which  were  then  believed  to  be  older 
than  any  of  the  '*  Silurian  "  strata.  The  North  Welsh  fossils,  howeyer, 
were  not  described ;  nor  were  the  exact  relations  of  the  strata  of  the  two 
districts  made  out.  Subsequently,  on  the  one  hand,  it  was  determined, 
chiefly  by  the  labours  of  the  Geological  Surrey,  that  the  fosailiferous  strata 
of  Cambria,  or  North  and  South  Wales,  are  replications,  ez^^ansions,  and 
cunratnres  of  the  Shropshire  or  Silurian  strata  (the  Cambrian  equira- 
lents  being,  however,  for  the  most  part,  in  a  much  more  crystalline  con- 
dition, and  much  more  intersected  and  intercalated  with  igneous  rocks)  ; 
the  fossiliferous  schists  both  of  Cambria  and  Siluria  equally  reposing  on 
unfossiliferous  greywacke— that  of  the  Longmynd  on  the  euU  and  thai 
of  Anglesea,  Harlech,  and  St.  David's,  on  the  west.  To  these  latter  or 
*'  Bottom  Rocks  "  the  Geological  Surveyors  thought  fit  to  limit  the  term 
"  Cambrian ;  "  applying  the  names  "  Lower  and  Upper  Silurian"  to  the 
great  overlying  fossiliferous  groups.  This  nomenclature  became  generally 
adopted  in  Europe  and  America,  as  the  equivalent  formations  were  de- 
tected and  classified.  At  a  later  period  Prof.  Sedgwick  and  Prof, 
M'Coy,  having  diligently  worked  out  the  fossils  of  North  Wales,  and 
reexamined  much  of  the  ground,  endeavoured  to  define  the  exact  limit 
of  the  lower  and  upper  portions  of  the  series,  retaining  for  the  former 
Prof.  Sedgwick's  early  term  "  Cambrian,"  and  appljring  that  of  "  Silu- 
rian "  to  the  upper  group  only.  The  Geological  Surveyors  also,  about  the~ 
same  time,  carefully  directed  their  attention  to  the  same  points  of  research, 
corroborating  and  extending  the  known  facts,  but  without  essentially  al- 
tering the  received  nomenclature. 

In  1854,  Sir  R.  Murchison  published  a  comprehensive  and  popular 
review  of  the  Paleozoic  Rocks  and  Fossils,  in  his  valuable  and  widely 

tient,  laborious,  and  successful  scientific  research,  pursued  through  a  long 
series  of  years,  regardless  of  toil,  time,  or  expense.  The  results  of  the 
labours  of  its  highly  gifted  author  were  alike  novel  and  important :  rocks, 
which,  under  the  names  of  transition  and  greywacke,  were  previously 
considered  without  the  pale  of  scientific  arrangement,  were  for  the  first 
time  reduced  to  a  regular  system,  and  their  zoological  characters  as  well 
defined  as  those  which  mark  the  newer  secondary  formations.  This  is 
truly  a  national  work :  the  description  of  the  British  coal-fields  is  as  im- 
portant in  an  economical  as  in  a  scientific  point  of  view. 

•  See  the  several  valuable  Memoirs  by  Prof.  Sedgwick,  in  the  public- 
ations of  the  Geological  Society,  on  the  Paleeozoic  Rocks  of  Wales  and 
the  North  of  England. 
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,  DowniUted  **  SilurU,"  adopting  the  required  modifications  and  corrections 
edeni,  ^  account  of  fossils  and  rocks  (with  careful  revision  of  the  map), 
I,  Iiing  atating  at  large  his  Tiews  of  the  classification  and  nomenclature  of 
^.  om^  Silurian  and  Cambrian  straU. 

yish  tCastly,  Prof.  Sedgwick,  in  1855,  explained,  in  the  magnificent*work  by 
ijris  ii,^  imd  Prof.  M'Coy,  entitled  "A  Synopsis  of  the  Classification  uf 
tone.»  British  Paleozoic  Rocks;  with  a  Systematic  Description  of  the 
("k-gilritiah  Palsoxoic  Fossils  in  the  Geological  Museum  of  the  UniTorsity  of 
^^^  wkmbrid^  "  (4to»  Cambridge,  with  numerous  plates),  the  grounds  on 
te.  idijch  bA  applied  the  term  "  Cambrian  "  to  the  lower  and  larger  portion 
^  •f  the  series  in  question,  and  his  reasons  for  regarding  this  group  (the 
'^^  Lower  Silurian  and  Bottom  Rocks,  of  Murchison)  as  being  distinctly 
ion  different  in  physical  and  zoological  characters  from  the  overlying  group 
s,  :  (the  Upper  Silurian,  of  Murchison). 

Li      Guided  by  the  light  thus  thrown,  during  several  years,  on  these  Lower 

^^    Paleozoic  rocks  and  fossils  by  Sedgwick,  Murchison,  De  la  Beche,  Phil- 

^     lips,  Sbarpe,  M'Coy,  Salter,  Forbes,  Ramsay,  Jukes,  Aveline,  Selwyut 

I'      and  Dumy  other  good  obserrers,  geologists  have,  with  but  few  exceptions, 

sdopied   Murchison's  general  classification  of    the  Lower  Paleozoic 

strata  of  Great  Britain.*     (See  Table,  p.  801,  802,  in  which  the  greater 

and  le»er  groups  of  strata  are  carefully  indicated,  and  the  chief  of  their 

characteristic  fossils  enumerated.) 

In  this  elementary  work,  avoiding  all  technical  argumentation,  the 
latest  classification  of  these  ancient  and  most  interesting  rocks  is  placed 
before  the  reader  in  the  accompanying  Table,  which  shows  both  plans  of 
nomenclature  before  alluded  to. 

The  Editor  gratefully  acknowledges  Sir  Roderick  Murchison *s  kin 
aeas,  in  allowing  him  free  access  to  the  proof-sheets  of  the  2nd  edition 
of  *'  Siloria,"  now  in  the  press,  and  thereby  enabling  him  to  make  the 
classificatiott  more  complete  than  it  could  otherwiie  have  possibly  been, 
even  with  the  aid  of  the  papers  and  memoirs  published  since  the  1st 
edition  of  "  Siluria."  The  especial  points  of  novelty  are— the  better  un- 
deiBtanding  of  the  Uppermost  Ludlow  Rocks  (Tilestones)  and  their 
fbeuls, — ^the  dearer  determination  of  the  Middle  Silurian  Strata, — the 
ideotification  of  the  Bala  and  the  Caradoc  Rocks, — the  improved  lists  of 

«  The  reader  is  referred  to  the  highly  important  works  above  men- 
tioned, and  to  numerous  memoirs  and  papers  in  the  Proceedings)  and 
Jonmal  of  the  Geological  Society,  for  the  particulars  of  the  progress  of 
feserch  in  the  Silurian  and  Cambrian  rocks,  and  for  the  arguments  used 
with  respect  to  the  adoption  of  the  two  several  plans  of  nomenclature 
S«e  also  the  Philosophical  Magazine  for  1854. 
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fenlflb^uid  pvticaiariy  Um  noeiit  disoevery  of  the  pxinuffy  age  of  the 
red  ooogiofiienliM  of  Sotheriand  and  Row. 

The  whole  of  these  etnta  are  of  marine  origm ;  and  lihe 
limestones  and  shales  often  swarm  with  trilobites,  crinoids, 
corals,  brachiopods,  and  other  fossils,  with  which  our  late 
investigations  have  made  us  familiar.  The  subdivisions  in- 
troduced are  locail j  important ;  but  a  general  analogy  pre- 
vails in  the  organic  remains  throughout  the  entire  system, 
and  there  does  not  appear  to  be  any  essential  variation  in 
the  forms  or  conditions  of  oi^anic  life,  as  deducible  from  the 
fossils,  from  the  commencement  to  the  termination  of  ihe 
series ;  and,  though  each  principsl  division  may  be  distin- 
guished by  its  peculiar  fossils,  yet  the  Upper  and  Lower  Si- 
lurian (or  Cambrian)  rocks  are  bound  together  by  many  species 
common  to  both,  and  form  but  one  great  natural  system. 

The  Upper  Silurian  is  estimated  to  have  a  thickness  of 
about  5000  feet;  the  Middle,  2000  feet;  the  Caradoc  and 
Llandeilo  groups,  together,  attain  neariy  19,000  feet ;  and 
the  Longmynd  rocks,  upwards  of  25,000  feet.  This  is  in 
strong  contrast  to  the  slight  vertical  development  of  the  Si- 
lurian rocks  of  Norway,  where  the  whole  series,  complete  in 
all  its  members,  attains  no  more  than  2000  feet  thickness.* 

11.    SlLUBIUf    AKD    CUCBRIAN   BOCKS  OF  TH£  BbITISH 

Isles. — Both  the  lithologic!^  and  the  zoologicid  characters 
of  this  great  series,  and  even  of  its  principal  subdivisions, 
are  found  to  prevail  not  only  in  England,  over  the  continent 
of  Europe,  and  beyond  the  Ural  to  the  Himalayas,  but  also 
in  North  Amenca,  where  the  Silurian  and  Cambrian  rocks 
are  largely  developed,  forming  great  tracts  in  tiie  United 
States,  Canada,  and  the  Arctic  Eegions. 

In  Cornwall,  Lower  Silurian  or  Cambrian  rocks  appear  in 
two  of  the  southern  headlands,  emerging  from  beneath  the 
predominant  strata  of  the  district,  the  Devonian,  and  con- 
tainiug  characteristic  fossils.t    But  the  chief  development 

*  Quart.  Jouro.  Qeol.  Soc.  vol.  xir.  p.  43.  f  Ibid.  vol.  vlii.  p.  2. 
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of  tbe  series  in  Britain  is  in  the  Border-coniities  and 
Wales.* 

In  Cumberiand  and  Westmoreland,  the  Lower  Pabeozoic 
rocks  are  also  extensively  exposed,  presenting  an  enormous  ag- 
gregate thickness, — ^upwards  of  20,000  feet.  These  old  Cum^ 
hrian  strata  have  been  specially  studied  by  Prof.  Sedgwick.f 

The  Lake-district,  so  well  known  to  the  tourist,  may  be 
described  as  a  circular  cluster  (or  massif)  of  mountains,  the 
central  portion  consisting  of  serrated  peaks  of  schistose  rocks, 
thrown  into  their  present  position  by  granite  and  other  ig- 
neous masses  which  constitute  the  true  geological  centres  of 
the  mountain-groups.  The  outskirts  of  this  region  are 
chiefly  formed  by  Carboniferous  deposits ;  a  zone  of  Moun- 
tain-limestone appearing  on  the  east,  north,  and  south ;  and 
the  western  side  is  bounded  by  the  Irish  Sea. 

Within  the  calcareous  zone,  are  several  extensive  masses 
of  granite,  syenite,  and  porphyry,  but  the  greater  part  of 
the  region  is  occupied  by  stratified  deposits  of  a  slaty  tex- 
ture, which,  according  to  Prof.  Sedgwick,  may  be  subdivided 
into  the  four  following  formations,  commencing  with  the 
uppermost : — 1.  Greywacke-slate,  often  more  or  less  calca- 

*  The  student  must  necesaarily  consult  the  maps  and  sections  pub- 
lished by  the  Geological  Survey ;  and  it  will  be  of  advantage  to  have  at 
hand  Knipe's  Geological  Map  of  the  British  Isles,  which  presents  a  coup 
d'teU  of  the  geographical  distribution  of  these  formations  over  the  British 
IfliandB.  Their  extension  over  Europe  into  Western  Asia  may  be  studied 
in  Mnrchison  and  Nicol's  Geological  Map  of  Europe  (K..  Johnston). 
Hall's  Geological  Map  of  the  United  Sutes,  that  by  Prof.  H.  Rogers,  in 
K.  Johnston's  "  Physical  Atlas,"  and  Sir  W.  Logan's  Geological  Maps 
of  Canada,  in  Quart.  Joum.  Geol.  Soc.  vol.  viii.  pi.  6,  and  in  his  "  Es- 
quiase  G^logique  du  Canada,"  1855,  with  Isbister's  Geological  Sketch- 
Map  of  the  Arctic  Regions,  Geol.  Soc.  Joum.  vol.  xi.  pi.  14,  and  that 
coiMtructed  by  Haughton  and  Mac-clintock,  Joum.  Roy.  Dublin  Soc. 
Febraary,  1857,  illustrate  the  Palaeozoic  deposits  of  North  America. 

t  His  Memoir,  in  the  Geol.  Soc.  Joum.  vol.  viii.  p.  35,  contains  some 
of  his  latest  researches  in  these  rocks,  with  illustrative  sections  and 
fUU  references  to  former  Memoirs.  See  also  ibid,  pp.  136—142  ;  and 
Geol.  Tnuis.  2nd  ser.  toI.  iv.  p.  45,  &c. 

ar  2 
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reoufly  and  having  subordinate  beds  passing  into  impure  lime- 
stone, full  of  organic  remains.  2.  Green  quartzose  roofing- 
slate,  associated,  in  every  variety  of  complication,  with  fel- 
spathic  rocks  of  porphyritic  structure.  3.  Black  glossy  cUy- 
slate,  sometimes  passing  into  greywacke.  4.  Various  crys- 
talline slates,  resting  immediately  on  the  granite  of  Skiddaw 
Forest,  and  forming  the  base  of  the  whole  stratified  series. 

These  rocks  have  also  been  classified  by  the  same  eminent 
geologist  according  to  the  following  local  groups : — 1.  Flags 
and  grits  of  Kirkby  Moor ;  2.  Slate  and  grit-stone ;  3.  Ire- 
leth  slates ;  4.  Coniston  grit,  flagstone,  and  limestone ; 
5.  Slates  and  porphyry ;  6.  Skiddaw  slates.  Nos.  1, 2,  and  3 
are  the  equivalents  of  the  Ludlow  and  Wenlock  groups ; 
the  others  represent  the  great  lower  groups  of  Caradoc, 
Llandeilo,  &c. 

In  South  Scotland  the  Silurian  rocks  and  fossils*  have  been 
worked  out  by  Sedgwick,  Murchison,  J.  Nicol,  J.  C.  Moore, 
Karkness,  M'Coy,  Salter,  and  others ;  especially  in  Ayrshire, 
Wigtonshire,  Dumfries,  and  other  neighbouring  districts. 

In  the  North-west  of  Scotland  the  late  researches  of  Mr. 
Peach  and  others  have  enabled  Sir  Eoderick  Murchison  to 
coordinate  the  old  quartzites,  schists,  silicious  limestones 
and  sandstones  of  Durness  and  Loch  Eribol  with  the  Lower 
Silurian  rocks  of  Wales ;  and  to  refer  the  great  conglom- 
erates of  Western  Sutherlandshire  and  Boss  to  the  Long- 
mynd  or  Bottom  Bocks  ;  correcting  the  long-held  notioli  of 
their  being  of  the  same  series  as  the  Old  Bed  conglomerates 
of  Caithness  and  the  Eastern  coast.  These  primaeval  depo- 
sits rise  on  the  northern  shores  of  Lochness  in  an  immense 
mass  of  conglomerate,  based  on  a  small-grained  red  granite, 
to  a  height  of  three  thousand  feet  above  the  sea-level ; 
and  on  the  north-western  coast  of  Boss-shire,  form  three 
immense  insulated  hills   {SuiUveinn^  CouUheg,  and   CouU 

*  See  Proceed.  Geol.  Soc.  vol.  iii.  pp.  277  and  553 ;  Quart.  Geol. 
Jouro.  vol.  iv.  p.  195;  vol.  vi.  pp.  53  and  206;  vol.  vii.  pp.  46  and 
137  ;  vol.  jui.  pp.  15  and  238;  also  "  SUuria,"  p.  149,  &c. 
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vtare  *),  of  as  great  an  altitude,  that  rest  unconfonnablj  on  a 
base  of  gneiss.f     (See  "  Siluria,"  2nd  edit.  p.  195,  Ac.) 

Silurian  rocks  occupy  large  areas  in  Ireland,^  and  have 
been  described  by  Weaver,  Griffith,  Portlock,  and  others. 
The  complete  view,  however,  given  of  these  strata  in  Mur- 
chison's  **  Siluria"  must  be  referred  to  by  the  student.  The 
coast  of  Ireland  opposite  to  that  of  Wales  and  Cumberland 
is  formed  of  Silurian  and  Cambrian  strata,  which  spread 
also  over  Wexford  and  part  of  Waterford  and  Wicklow ;  an 
enormous  intrusion  of  igneous  rocks  rising  up  in  Carlow, 
and  reaching  to  the  shore  of  Dublin  Bay,  at  Kingstown. 
From  Drogheda  Bay  to  Belfast  Lough  similar  deposits  ap- 
pear, covering  a  great  portion  of  Armagh,  Monaghan,  and 
JLiouth ;  the  whole  sinking  westward  beneath  the  vast  region 
of  Carboniferous  deposits  which  occupy  more  than  one-half 
the  entire  area  of  Ireland. 

12.  The  Lokgmtkd  ob  Bottoit  books. — In  Shropshire 
there  is  a  group  of  old  stratified  rocks,  unconformable  to  the 
overlying  strata  of  the  Llandeilo  group,  having  evidently 
been  thrown  into  highly  inclined  positions  before  the  de- 
position of  the  latter.  These  rocks  form  the  Lon^ynd  and 
contiguous  ranges  of  hills,  comprising  Batlinghope,  Linley, 
Pontesford,  Ac.,  and  vary  in  height  from  1000  to  1600  feet. 
The  strata  consist  of  hard  sandstone,  grit,  and  schist,  raised 
up  in  mund  masses,  the  beds  being  either  vertical,  or  in  very 
highly  inclined  positions.  § 

On  the  western  flank  of  the  Longmynd  the  schists  dip 
conformably  under  the  Lowest  Silurian  of  the  Stiper  Stones, 

*  See  a  beautiful  sketch  of  these  Mountains,  in  "  Silnria."  These  in- 
ralar  rocky  mountains  are  cited  by  Macculloch  ("Western  Isles,"  vol.  ii. 
p.  90)  and  by  Lyell  ("  Manual  of  Geology/'  p.  67)  as  instnictive  ex- 
ansples  of  the  Tast  amount  of  denudation  which  has  taken  place  in  many 
coantries. 

t  Hugh  Miller's  "  Old  Red  Sandstone."  1841,  p.  23. 

X  See  Griffith's  Geological  Map  of  Ireland 

f  "  Silurian  SyHtem,"  chap.  xxi.  "  Siluria ;  "  and  Quart  Joum.  Geol. 
5k>e*  vol  xiiL  p.  2U0. 
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as  represented  by  Sir  £.  Murchison  C'Sil.  Sjst.*'  pi.  82) ; 
but  on  the  south  and  east  they  are  imconformably  overlaid 
by  the  Upper  Llandovery  beds  and  the  Wenlock  shale. 

Acoorc^ng  to  the  observations  of  the  Government  Gleologi- 
cal  Surveyors,  the  greywacke  of  the  Longmynd  is  from 
80,000  to  40,000  feet  thick;  and,  though  composed  of 
xiearly  unaltered  *  beds  of  sediment,  it  has  yielded  but  very 
iew  traces  of  organic  remains.  These  few  valuable  relics 
have  been  discovered  in  the  upper  portion  of  the  Longmynd 
rocks  by  the  acnteness  and  persevering  energy  of  Mr.  J. 
W.  Salter,t  F.G.S.,Pal£dontologist  of  the  Geological  Survey ; 
and  consist  of  two  portions  of  a  Trilobite,  numerous  Anne- 
lide-bttiTOWB  and  Worm-tracks,  Wave-mariis,  the  casts  of 
Sun-cracks,  and  even  of  Bain-prints ;  distinctly  recording 
the  daily  working  of  wave,  wind,  and  cloud,  and  the  existence 
of  some,  at  least,  of  the  inhabitants  of  a  shore-margined  sea 
in  incalculably  ancient  periods,  long  anterior  to  the  immea- 
surable ages  the  history  of  which  we  have  but  faintly  sketch- 
ed in  the  foregoing  chapters  of  this  book. 

Ancient  deposits  equivalent  to  the  Longmynd,  Lowest 
Cktmhrian,  or  Bottom  Boekt,  have  been  recognised  at  St. 
David's  in  South  Wales,  between  Barmouth  and  Harlech, 
and  around  Llanberris  and  Bangor  in  North  Wales ;  bat 
annelide-marks,^  discovered  in  the  Bangor  schists  by  Mr. 
Salter,  are  the  only  evidences  of  organic  life  as  yet  noticed. 

*  The  slaty  rocka  of  Wales,  in  which  fossils  often  abound,  are  fiu-  more 
i^tered  than  these  strata  of  the  Longmynd,  which  are  only  in  part  highly 
mineralized,  and  chiefly  where  they  have  been  intruded  upon  by  trap, 
rocks,  and  impregnated  with  copper-veins,  bitumen,  and  other  minerals. 
— Stf.  Sytt,  p.  261. 

t  See  Mr.  Salter's  descriptions  and  figures  of  these  primeval  vestiges, 
in  the  Joum.  Geol.  Soc.  vol.  xii.  p.  246 ;  and  ibid,  vol.  xiu.  p.  199. 

X  These  consist  of  worm-tubes  crossing  each  other,  and  so  giving 
rise  to  a  fucoidal  marking,  which  was  described  by  Mr.  Salter  (Geol. 
Soc.  Joum.  vol.  xii.  p.  246)  as  being  probably  a  Chondrites,  but  haa  since 
been  proved  by  this  accomplished  geologist  to  be  formed  of  worm-tracks, 
as  indeed  (Mr.  Salter  thinks)  all,  or  nearly  all,  the  so-called  fiicoida  of 
the  palieozoic  rocks  may  turn  out  to  be. 


I  IS.  SILURIAN  STRATA  OP  STAFFORDSHIRE. 

In  Ireland,  the  grauwacke  of  Braj  Head  is  of  the  same 
age,  and  yields  aonelide-burrows  and  the  enigmatical  fossil 
known  as  Oldkamia^^  of  which  two  species  have  been 
found. 

The  discovery  that  the  great  conglomerates  resting  on 
the  gneiss  of  the  North-west  Highlands  belong  to  the  Long- 
mynd  age,  already  alluded  to  (p.  806),  enlarges  our  know- 
ledge of  the  complete  succession  of  the  Lowest  Falffiozoic 
rocka,  and  brings  the  British  series  into  dose  accordance 
with  that  of  Scandinavia  on  the  one  hand,  and  that  of  Canada 
on  the  other. 

The  discovery,  however,  of  organic  fossils  in  some  of  these 
Bottom-rocks  destroys  the  propriety  of  the  term  "Azoic"  t 
that  has  been  so  long  applied  to  them ;  and  (like  the  unex- 
pected appearance  of  mammalian  teeth  in  the  Triassic  bone- 
bed  of  Stuttgart,  of  DronuUherium  m  the  Chatham  strata  of 
the  ITnited  States,  of  Dendrerpeton  and  Pupa  in  the  coal  of 
l^ova  Scotia,  and  of  Telerpetan  in  the  Old  Bed  Sandstone) 
warns  us  to  be  cautious  in  accepting  negative  evidence  in 
rapport  of  geological  hypotheses.^ 

13.  SniUsiAir  strata  of  Staffordshire. — Among 
the  British  Silurian  districts,  the  country  around  Dudley, 
Walsall,  and  other  parts  of  Staffordshire  demands  especial 
notice  from  the  interesting  circumstances  under  which  these 
pabeozoie  rocks  occur ;  being  isolated,  as  it  were,  from  the 
great  regions  of  the  formation,  and  thrown  up  amidst  the 
newer  deposits,  like  islands  in  the  Triassic  and  Carbonifer- 
ous areas :  and  the  facility  of  access  to  these  localities,  by 
the  railroads  from  the  metropolis,  renders  them  peculiarly 
Taloable  to  the  geological  student. 

*  Forbes,  Jouin.  Geol.  Soc.  Dublin,  vol.  it.  p.  20.  Whether  this 
Ibml  represents  a  Bryozoan,  a  Zoophyte,  or  a  sea-weed,  is  as  yet  undeter- 
mined. 

t  «  Without  life." 

I  See  LyeU's  '*  Manual  of  Geology,"  5th  edit.  p.  462. 
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unfoflsUiferoiu  greywacke  of  the  Longmynd,  Prof.  Sedgwick  was  elud- 
dating  the  contorted,  dislocated,  and  slaty  rock-masses  of  North  Wales,* 
which  he  termed  "  Cambrian,'*  and  whidi  were  then  believed  to  be  older 
than  any  of  the  **  Silarian  "  strata.  The  North  Welsh  fossils,  however, 
were  not  described ;  nor  were  the  exact  relations  of  the  strata  of  the  two 
districts  made  out.  Subsequently,  on  the  one  hand,  it  was  determined, 
chiefly  by  the  labours  of  the  Geological  Survey,  that  the  fossiliferous  strata 
of  Cambria,  or  North  and  South  Wales,  are  replications,  expansions,  and 
curvatures  of  the  Shropshire  or  Silurian  strata  (the  Cambrian  equiva- 
lents being,  however,  for  the  most  part,  in  a  much  more  crystalline  con- 
dition, and  much  more  intersected  and  intercalated  with  igneous  rocks) ; 
the  fossiliferous  schists  both  of  Cambria  and  Siluria  equally  reposing  on 
unfossiiiferous  greywacke — that  of  the  Longmynd  on  the  east,  and  that 
of  Anglesea,  Harlech,  and  St  David's,  on  the  west.  To  these  latter  or 
"  Bottom  Rocks  "  the  Geological  Surveyors  thought  fit  to  limit  the  term 
" Cambrian ;  "  applying  the  names  "  Lower  and  Upper  Silurian"  to  the 
great  overlying  fossiliferous  groups.  This  nomenclature  became  generally 
adopted  in  Europe  and  America,  as  the  equivalent  formations  were  de- 
tected and  classified.  At  a  later  period  Prof.  Sedgwick  and  Prof, 
M*Coy,  having  diligently  worked  out  the  fossils  of  North  Wales,  and 
reexamined  much  of  the  ground,  endeavoured  to  define  the  exact  limit 
of  the  lower  and  upper  portions  of  the  series,  retaining  for  the  former 
Prof.  Sedgwick's  early  term  "  Cambrian,"  and  applying  that  of  '*  Silu- 
rian "  to  the  upper  group  only.  The  Geological  Surveyors  also,  about  the- 
same  time,  carefully  directed  their  attention  to  the  same  points  of  research, 
corroborating  and  extending  the  known  (acts,  but  without  essentially  al- 
tering the  received  nomenclature. 

In  1854,  Sir  R.  Murchison  published  a  comprehensive  and  popular 
review  of  the  Paleozoic  Rocks  and  Fossils,  in  his  valuable  and  widely 

tient,  laborious,  and  successful  scientific  research,  pursued  through  a  long 
series  of  years,  regardless  of  toil,  time,  or  expense.  The  results  of  the 
labours  of  its  highly  gifted  author  were  alike  novel  and  important :  rocks, 
which,  under  the  names  of  transition  and  greywacke,  were  previously 
considered  without  the  pale  of  scientific  arrangement,  were  for  the  first 
time  reduced  to  a  regular  system,  and  their  zoological  characters  as  well 
defined  as  those  which  mark  the  newer  secondary  formations.  This  is 
truly  a  national  work :  the  description  of  the  British  coal-fields  is  as  im- 
portant in  an  economical  as  in  a  scientific  point  of  view. 

•  See  the  several  valuable  Memoirs  by  Prof.  Sedgwick,  in  the  public- 
ations of  the  Geological  Society,  on  the  Palsozoic  Rocks  of  Wales  and 
the  North  of  England. 
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antecedent  to  the  Triassic  period,  the  strata  of  which  age 
have  been  quietly  deposited  on  the  southern  flank  of  the 
dent  Hills,  as  seen  in  Li^,  188. 


Trap-rocks. 
Umn.  lM.»«Bcnoic  or  vu  Cuun  Hius. 

The  following  description  by  Mr.  Hugh  Miller  is  too 
characteristic  to  be  omitted  : — 

"  The  New  Red  Sandstone,  ont  of  which  the  Clent  HiUi  riee,  forms  a 
rich,  slightly  undulating  country,  reticulated  by  nany  a  green  lane  and 
luxuriant  hedge-row ;  the  hills  themselves  are  deeply  scooped  by  hollow 
dells,  furrowed  by  shaggy  ravines,  and  roughened  by  confluent  emi- 
nences ;  and  on  the  south-western  slopes  of  one  of  the  finest  and  most 
variegated  of  the  range,  half  on  the  comparatively  level  red  sandstone, 
half  on  the  steep-sided  billowy  trap,  lie  the  grounds  of  Hagly.  Let  the 
Edinburgh  reader  imagine  such  a  trap-hill  as  that  which  rises  on  the 
north-east  between  Arthur's  Seat  and  the  sea  tripled  or  quadrupled  in  its 
extent  of  base,  hollowed  by  dells  and  ravines  of  considerable  depth,  cover- 
ed by  a  soil  capable  of  sustaining  the  noblest  trees,  motUed  over  with 
votive  unis,  temples,  and  obelisks,  and  traversed  by  many  a  winding 
walk,  skilfully  designed  to  lay  open  every  beauty  of  the  place,  and  he 
will  have  no  very  inadequate  idea  of  the  British  Tempo  sung  by  Thomson. 
We  find  its  loveliness  compounded  of  two  simple  geological  elements, — 
that  abrupt  and  variegated  picturesqueness  for  which  the  trap-rocks  are 
so  famous,  and  which  may  be  seen  so  strikingly  illustrated  in  the  neigh- 
bourhood of  Edinburgh,  and  that  sofl-lined  and  level  beauty—an  ex- 
quisite component  in  landscape  when  it  does  not  stand  too  much  alone— 
so  characteristic,  in  many  localities,  of  the  Lower  New  Bed  Sandstone 

formation From  the  hill-top,*  the  far  Welsh  mountains,  thouf^ 

lessened  in  the  distance  to  a  mereaxure  ripple,  that  but  barely  roughened 

*  The  eminence  so  glowingly  described  by  Thomson : — 
"  Meanwhile  you  gain  the  top  from  whote  fiur  brow 
The  bursting  prospect  spreads  immense  around,**  &c. 
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the  line  of  the  horison,  were  as  dUtinctly  defined  in  the  clear  atmosphere 
as  the  green  luxuriant  leafage  in  the  foreground,  which  harmonized  so 
exquisitely  with  their  blue.  The  line  extended  from  far  beyond  the 
Shropshire  Wrekin,  on  the  right,  to  far  beyond  the  Worcestershire  Mal- 

reros,  on  the  left In  the  foreground  we  have  the  undulating 

trap Next  succeeds  an  extended  plain  of  the  richly-cultivated 

New  Red  Sandstone,  which,  occupying  fully  two-thirds  of  the  entire 
laodacape,  forms  the  whole  of  what  a  painter  would  term  its  middle 
ground,  and  a  little  more.  There  rises  over  this  plain,  in  the  distance,  a 
ridgy  acclivity,  much  fretted  by  inequalities,  composed  of  an  Old  Red 
Sandstone  formation  coherent  enough  to  have  resisted  those  denuding 
agencies  by  which  the  softer  deposits  have  been  worn  down  ;  while  the 
distant  sea  of  blue  hills,  that  seem  as  if  toppling  over  it,  has  been  scooped 
oat  of  the  Silurian  formations,  Upper  and  Lower,  and  demonstrates  in  its 
commanding  altitude  and  bold  wavy  outline  the  still  greater  solidity  of 
the  materials  which  compose  it."* 

15.  Thi  WBScnr. — The  Dudley  coal-field  is  remarkable 
for  the  beds  of  volcanic  grit  intercalated  between  the  upper 
strata  of  the  Coal-measures  and  the  Permian  deposits ;  and 
which  Sir  B.  Murchison  is  of  opinion  were  formed  from 
the  detritus  of  submarine  volcanos,  which  were  in  activity 
towards  the  dose  of  the  Carboniferous  epoch.f  The  solid 
intrusive  trap-rocks  are  of  a  later  date,  and  appear  in  various 
detached  points  near  Dudley.  The  largest  mass  constitutes 
Bowley  Hill,  a  ridge  two  miles  and  a  half  loug,  and  one 
mile  wide,  extending  from  Bowley  Eegis  to  the  southern 
suburbs  of  Dudley.  This  trap-rock,  known  locally  as  the 
Bowley-roff,  is  a  bard,  fine-grained,  crystalline  green-stone, 
or  baaalt,!  being  an  admixture  of  grain.s  of  hornblende  with 
small  crystals  of  felspar  and  quartz.  This  mineral  appears 
in  a  slender  columnar  form  in  Pearl  Quarry,  near  Timmin's 
Hill,  at  Bowley. 

*  "  First  Impressions  of  England  and  its  People,"  by  Hugh  Miller ; 
London,  1847,  p.  Ill,  &c.  f  "  Silurian  System,"  p. 468. 

X  This  trap-rock  supplied  the  materials  for  the  important  experiments, 
by  Gregory  Watt  and  Sir  James  Hall,  on  the  fusion  and  cooling  of  rocks ; 
and  has  of  late  been  employed  by  Messrs.  Chance,  at  Oldbury,  near 
BirmiDg^m,  in  the  manufacture  of  molten  indestructible  architecti^ral 
materials. 
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But  one  of  the  most  remarkable 
examples  of  erupted  trap  in  this 
part  of  England  is  that  which  has 
formed  the  hill  called  the  Wrekin, 
near  Wellington  in  Shropshire,  on 
the  north-west  flank  of  the  coal- 
field of  Coalbrook  Dale ;  and  which 
I  g  I  S  must  have  taken  place  after  the 
•  ^  I  o  accumulation  of  the  Silurian  strata, 
I  •  S  ->.  as  the  latter  were  evidently  thrown 
g  I  ^  ^  into  inclined  positions  before  the 
«  3  S  V  Carboniferous  were  deposited.*  At 
I  -a  g  1^  a  subsequent  period,  and  long  after 
^  ^  g  s  this  consolidation,  the  coal-measures 
I  •  I  ^  were  in  their  turn  pierced  and  tr»- 
^  ^  S  d  ^'^^^^  ^y  other  intruded  masses  of 
I  8  H  {  igneous  rock,  differing  in  mineral 
^  =^  I  ^  matter,  but  erupted  in  contiguous 
Ills  lines  of  fissure,  parallel  to  that  of 


1 


§      theWrekin. 


0 


I 


The  Wrekin  is  an  elliptical  hill,  aboat 
a  mile  and  a  quarter  long,  its  jiighest  sum- 
mit being  1320  feet  above  the  level  of  the 
sea.  It  is  composed  of  igneous  rocksf 
having  on  its  flanks  various  members  of 
the  Silurian  and  Carboniferous  systems,  as 
shown  in  the  section,  Li^n,  189.  The  sedi- 
^      ^^  mentary  deposits  within  the  influence  of  the 

"^  erupted  volcanic  rocks  have  undergone  con- 

siderable alteration ;  the  sandstone  being  changed  into  granular  quarti- 
rock,  much  of  which  is  pure  white  quartz,  with  particles  of  decomposed 
felspar,  and  sometimes  much  resembling  submarine  volcanic  dejections  : 
in  some  places  this  rock  becomes  a  brecciated  aggregate. 
The  igneous  rock-masses  are  various  modifications  of  pink  and  deep- 


*  The  erupted  trap  forming  Barrow  Hill  (see  p.  700)  is  another  in- 
structive example  of  this  phenomenon. 
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red  syenite,  consisting  of  compact  felspar  with  white  quartz,  and  disse- 
minated chlorite :  in  some  parts  the  mass  is  made  up  of  felspar  with 
green-earth  and  veins  of  carbonate  of  lime.  To  the  south-east  of  the 
Wrekin,  bosses  of  a  basaltic  green-^tone,  of  irregular  shape,  appear 
around  the  village  of  Little  Wenlock  (Lign,  189). 

The  invaluable  work  to  which  I  am  indebt- 
ed for  most  of  the  interesting  facts  thus  briefly 
noticed  should  be  referred  to  for  full  details 
of  the  geological  structure  and  relations  of 
the  deposits  under  review.  The  eminent 
author  considers  that  this  district  of  Shrop- 
shire affords  unequivocal  evidence  of  the  al- 
ternate activity  and  repose  of  volcanic  action, 
during  very  long  periods  in  the  palaeozoic  ages ; 
and  that  the  following  sequence  of  geological 
events  is  clearly  established : — 1.  that  volcanic 
grits  were  formed  during  the  deposition  of  the 
Lower  Silurian  strata ; — 2.  the  Upper  Silu- 
rian rocks  and  Devonian  sandstone  were  ac- 
cumulated tranquilly,  without  a  trace  of  con- 
temporaneous eruptions;  —  3.  after  their 
consolidation,  the  last-mentioned  deposits 
were  dismembered,  and  set  upon  their  edges 
I  2  H  }  by  vast  outbursts  of  intrusive  trap  ; — 4.  the 
F  81  o  S  Carboniferous  beds  were  deposited  aAer  the 
^  ^  §  ^  older  strata  were  upheaved ;  and  5.  that  sub- 
sequent dislocations,  including  some  of  the 
most  violent  with  which  we  are  acquainted, 
took  place  after  the  deposition  of  the  Ck)al- 
measures  and  Permian  sandstone.  * 

16.  The  Malteen  Hill8,«&c. — 
In  Worcestershire,  the  different  mem- 
bers of  the  Silurian  system  are  well 
developed,  and,  though  occupying  a 
narrower  zone  than  in  Shropshire, 
constitute  a  continuous  band  for  a 
distance  of  between  twenty  and  thirty 


•  •'  Silurian  System,'*  p. 
'  SUuria." 


235.    This  subject  is  also  treated  of  in 
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miles :  ^z.  from  tbe  northern  end  of  tbe  Abberlej  Hills,  to 
the  southern  extremity  of  the  Malvems ;  "  and,  though  the 
strata  are  dislocated,  and  even  through  a  course  of  four 
miles  entirely  reversed^  yet  they  maintain  a  prevalent  inclin- 
ation to  the  west,  and  dip  beneath'  the  Old  Bed  Sandstone 
of  Herefordshire.  Emerging  through  the  Silurian  deposits, 
and  forming  a  buttress  on  their  eastern  flank,  are  certain 
igneous  rocks,  which,  in  the  Abberley  Hills,  protrude  only 
at  intervals  through  the  dislocated  strata,  but  in  the  Mal- 
vems constitute  a  narrow  ridge  of  syenite,  rising  to  some 
height  above  the  Silurian  deposits ; "  *  as  represented  in 
Lifffts.  190,  191. 

The  Malvern  Kills  are  situated  in  the  south-western  part 
of  Worcestershire,  and  consist  of  an  uninterrupted  chain 
about  nine  miles  long,  and  two  wide,  the  highest  summits 
attaining  an  altitude  of  nearly  1500  feet.     This  outline, 


JMMrm  SOU. 


1    1     BrtiptiTe  Rock.     TrfMrie  Maria. 


LZOX-  191.— SSCnOK  or  tub  MALTEHW  HlLXA-t 

faa.  aifti.  pi.  m,  part  o/ji^.  %.j 

I.  Altered  Lower  Sllariui  Mndstoaeo  and  whltct.  t.  Black  lehlsto  with  O'tntu  t-  lUr 
Hill  or  Upper  Uaadorery  naditonea  aad  eonclomerateo-  4.  Woolhope  Umeotone-  4.  Wen- 
lock  dudM  and  ltai«»lo«o> 

when  viewed  from  a  distance,  as,  for  example,  from  the 
heights  above  Cheltenham,  is  very  striking,  and  characteristic 
of  their  geological  structure.  The  three  highest  points  are 
the  Herefordshire  and  Worcestershire  beacons,  and  North 

•  "SUurian  System,"  p.  410;  "Siluria,"  p.  92;  and  PhiUips*  Me- 
moir on  the  Malvern  and  Abberly  Hills,  in  the  Mem.  Geol.  Surrey,  vol. 
ii.  part  I ;  also  his  "  Manual  of  Geology,"  p.  513 ;  and  Notices  Roy. 
Instit.  Great  Brit.  1867,  patt  7,  p.  386. 

t  See  also  "  Siluria,"  p.  94;  ibid,,  2nd  edit.  p.  192,  &c. 
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Hill  (Li^.  190),  formed  by  the  protruded  ijenitic  rocks, 
which  form  the  nucleus  of  this  mountain-range.* 

In  passing  from  Herefordshire  to  Worcestershire,  in  a 
line  from  west  to  east  (see  Li^n,  190),  the  Devonian  or 
Old  Bed  strata  first  appear,  and  are  succeeded  by  the  Upper 
Silurian,  namely,  the  Ludlow  and  Wenlock  deposits ;  next 
follow  beds  of  May  Hill  sandstone,  and  we  then  arrive  at 
the  protruded  peaks  of  igneous  rock,  and  descend  over  the 
Permian  Conglomerate  and  Triassic  strata  to  the  plains  of 
Worcestershire.  The  relative  position  of  the  strata  and  the 
erupted  rocks  is  shown  in  the  anezed  diagrams  {IdgM,  189, 
190,  and  191).  The  entire  succession  of  the  Silurian  series, 
between  the  Syenite  of  the  Malvems  and  the  Old  Bed  Sand- 
stone, is  well  exposed  in  a  transverse  section  from  Mid- 
summer Hill  to  Ledbury. 

There  is  one  feature  in  the  geology  of  the  Malvern  Hills  that  demands 
pttrticular  notice.  The  Silurian  strata  in  immediate  contact  with  the 
syenite  are  sometimes  partly  bent  back,  or  inverted,  as  shown  in  the 
section,  lAgn.  190,  in  which  the  Wenlock  limestone  (3.)  is  seen  at  a  dist- 
ance from  the  syenite  and  unaffected,  whilst  the  May  Hill  sandstone  and 
iprit  (4.)  are  overturned  and  dip  in  an  opposite  direction. 

In  the  Abberley  Hills,  the  same  phenomenon  appears  in  a  more  strik- 
ing point  of  view ;  and  through  a  range  of  four  or  five  miles,  the  Do- 
Tonian,  Ludlow,  and  Wenlock  strata  are  completely  inverted,  the  newer 
formations  being  overlaid  by  the  older  ;  "  so  symmetrical,  indeed,  is  the 
reversal  in  this  part  of  the  range,  that  any  geologist  who  had  not  pre- 
Tiously  made  himself  acquainted  with  the  true  order  of  superposition 
would  naturally  conceiVe  the  Wenlock  limestone  to  be  younger  than  the 
Ludlow  rock,  and  the  Ludlow  rock  than  the  Old  Red  Sandstone."  f 

The  Lickey  Hills,  which  are  situated  about  three  miles  from  the 
southern  extremity  of  the  Dudley  coal-field,  consist  of  a  narrow  ridge  of 
quartz-rocks,  about  three  miles  in  length  and  four  or  five  hundred  feet 
high,  and  are  refened  by  Sir  R.  I.  Murchison  to  the  Upper  Llandovery 

*  A  very  interesting  Memoir  on  the  mineralogy  of  the  Malvern  Hills, 
by  Mr.Leonard  Homer,  was  published  in  the  Geol.  Trans.  1st  ser.  vol.  i 
p.28L 

t  "  Silurian  System,"  p.  421. 
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•andstone ;  the  quartz-rock  of  the  Lickey  gradually  paasing  into  a  foanli- 
ferous  eandstoDe  containing  the  characteristic  organic  remains  of  the 
Pentamerus-zone.*  A  mass  of  trap,  being  the  prolongation  of  that  of  the 
Clent  and  Abberley  Hills,  forms  the  nucleus  of  the  ridge,  and  appears  in 
the  point  called  Lickey  Beacon,  on  the  northern  end  of  the  Bromsgrove 
Lickey  Hills,  which  consist,  in  great  part,  of  Permian  and  Triassic 
8trata.t 

The  Valley  of  Woolhope,  which  lies  to  the  west  of  the  southern  extre- 
mity of  the  MalTems,  about  three  or  four  miles  from  Hereford,  is  a  re- 
markable instance  of  what  geologists  term  a  "  valley  of  eleTation ; "  being 
a  dome-shaped  protrusion  of  Silurian  rocks  through  the  Devonian  depo- 
sits, of  which  the  surrounding  region  consists.  This  elevated  mass 
of  strata  is  of  an  oval  form,  being  six  miles  long,  and  four  wide.  Within 
this  area,  the  Upper  Silurian  strata  are  thrown  up  into  concentric  and 
conformable  masses,  each  dipping  outwards  from  a  common  centre,  and 
the  whole  passing  beneath  the  Old  Red  Sandstone.  The  central  nucleus 
consists  of  quartzose  irrits  'belonging  to  the  Mayhill  sandstone  or  Upper 
Llandovery  group.  The  trenches  surrounding  the  central  mass  have 
been  produced  by  the  degradation  of  the  more  perishable  beds,  and  the 
denudation  of  the  harder  rocks.| 

I  must  not  conclude  this  brief  sketch  of  the  geological  phenomena  of 
the  British  Silurian  series,  without  referring  to  the  evidences  of  sub- 
marine and  possibly  sub-aenal  volcanos  having  existed  in  Silurian 
times.§  During  the  period  when  the  Llandello  flags  and  their  equivalents 
were  accumulated  over  the  area  extending  from  the  Malvems  to  Pem- 
brokeshire, volcanic  vents  existed,  whence  molten  matter  and  ashes 
were  ejected,  and  became  intermingled  with  the  detrital  accumulations 
of  the  period.  The  volcanic  ashes  were  mixed  up  with  the  gravels  and 
sands  that  are  now  in  the  state  of  conglomerates  and  sandstones,  and  ac- 
cumulated in  beds  that  are  interstratified  with  the  mud  and  sand.  These 
igneous  products  were  erupted  prior  to  the  granites  of  those  districts. 

The  great  peaked  mountain-masses  of  Snowdon  and  Cader  Idris,  in 
Wales,  are  formed  of  Lower  Silurian  strata  interstratified  with  contem- 
poraneous volcanic  grits,  and  traversed  by  subsequent  dykes  and  pro- 

*  See  "Siluria.**  The  quartz-pebbles  so  largely  distributed  over  this 
part  of  England,  and  extending  into  the  valley  of  the  Thames,  are  water- 
worn  fragments  of  the  rocks  composing  this  ridge ;  see  p.  220. 

t  "SUurian  System,"  p.  493.  J  Ibid.  chap,  xxii,  p.  488. 

§  "  Silurian  SyHtem,"  chap.  xxii.  and  xxvL  &c. ;  and  Mem.  Geol. 
Surv.  vol.  i.  pp.  33  and  35. 
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tnmTe  muMi  of  igneous  rocki.  The  strata  of  Cader  Idria  are  Lingiita- 
flags ;  those  ofSnowdon  are  Caradoc  sandstone.  Of  the  igneous  rocks 
of  the  Upper  Silurian  period  some  notice  has  already  been  made  at 
page  813. 

In  the  DeTontan  strata  also,  near  Taristock  and  in  South  Devon,  vol 
canic  ash  is  intermingled  with  the  argillaceous  slates  and  limestones.* 

17.     SiLUBIAK  AKD  CaMBBIAK   STRATA  OF  EUBOPS  AJTD 

America. — Since  the  publication  of  the  "  Silurian  System/' 
much  has  been  done  to  determine  the  position  of  the  foreign 
sedimentary  deposits  formerly  known  to  geologists  by  the 
general  term  of  Transition-rocks ;  and,  so  far  as  recent  ob- 
servations have  ascertained  the  characters  and  relations  of 
the  most  ancient  fossiliferous  strata  on  the  Continent,  they 
are  all  referable  to  the  same  geological  period  as  the  Silmrian 
and  Cambrian  formations  of  England, 

In  France  f  the  oldest  palaeozoiG  rocks  are  Lower  Silurian,  which  are 
suoceeded  by  the  Lower  Devonian  ;  the  Upper  Silurian  being  absent. 

In  Bohemia,  especially  around  Prague,  both  Lower  and  Upper  Si- 
hifian  strata,  often  extremely  rich  in  fossils,  are  largely  developed ;  and 
have  been  admirably  elucidated  by  M.  Barrande.:^ 

Throughout  Scandinavia  }  crystalline  rocks  occupy  Ihe  surface  of  the 
country  to  a  vast  extent,  and  are  covered  in  many  places  by  sedimentary 
strata  containing  Silurian  fossils.  Near  Christiania  in  Norway,  the  Lower 
SQurian  deposits  occupy  a  long  trough  in  the  gnoissic  rocks ;  and  the 
little  islands  in  the  Bay  contain  Upper  and  Lower  Silurian  strata ;  the 

•  Mem.  Geol.  Surrey  Great  Britain,  vol.  i.  pp.  83  and  90. 

t  "  SUuria,"  p.  383. 

X  "Syst^me  Silurien  de  la  Boh^me."  Besides  this  noble  result 
of  his  labours,  in  the  form  of  the  first  volume  (4to)  of  a  magnifi- 
cently illustrated  and  comprehensive  work  on  the  rocks  and  fosMils  of 
the  Silurian  basin  of  Bohemia,  M.  Barrande  has  published  numerous 
papers  and  memoirs  in  the  geological  publications  of  Paris  and  Ger- 
many. A  complete  epitome  of  his  views,  ably  drawn  up  by  his  friend, 
Sir  R.  Murchlson,  may  be  consulted  in  "  Siluria."  See  also  a  full  notice 
of  M.  Barrande's  great  work  in  the  Annals  of  Nat.  HiiU  2nd  ser.  vol. 
xii.  p.  130. 

}  See  *'  Geology  of  fiussia,*'  &r,  p.  10,  &c. 

a  o 
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entin)  series,  with  r  multitude  of  lypical  fossils,  being  exhibited  in  very 
small  arets.* 

-  The  Isle  of  Gothland  exhibits  a  fine  series  of  Upper  and  Lower  Si- 
lurian rocks.  Throughout  a  large  part  of  the  province  of  Scaraborg,  in 
the  south  of  Sweden,  the  Silurian  strata  are  perfectly  horizontal ;  the 
different  subordinate  formations  of  sandstone,  shale,  and  limestone  oc- 
curring at  corresponding  heights  in  hills  many  leagues  distant  from  each 
other,  with  the  same  mineral  characters  and  organic  remains.  It  is  dear 
that  they  have  never  been  disturbed  since  the  time  of  their  deposition, 
except  by  such  gradual  movements  as  those  by  which  large  areas  in 
Sweden  and  Greenland  are  now  slowly  and  insensibly  rising  above,  or 
■inking  below,  their  former  level. 

In  Russia  and  the  Baltic  Provinces  f  the  lower  division  of  the  Silurian 
system  is  characterized,  as  elsewhere,  by  the  abundance  of  Orthides,  Lep- 
tmuK,  and  other  brachiopodous  shells,  Orthoceratites,  and  Trilobites ;  the 
middle,  by  Pentameri ;  and  the  upper,  by  large  masses  of  corals,  especially 
of  Favorites,  Gatenipora,&c. ;  and  the  Devonian  strata  teem  with  remains 
of  the  typical  species  of  fishes,  and  with  Spiriferi,  LeptsBoae,  &c.  Through- 
out the  immense  extent  of  Central  Russia,  forming  nearly  one-half  of  the 
European  continent,  there  are  no  intrusions  of  igneous  rocks ;  and  the 
whole  of  the  deposits,  from  the  lowermost  to  the  uppermost,  are  but  little 
altered,  and  in  many  instances  are  unsolidified  ;  yet  each  group  contains 
the  same  typically  characteristic  organic  remains  as  in  England.  But  in 
the  Ural  Mountains  and  Siberia,  the  formations  of  the  same  age  are 
thrown  up  into  mural  masses,  broken  into  fragments,  impregnated  with 
metalliferous  matter,  and  exhibiting  every  variety  of  metamorphic  ac- 
tion.^  Yet  a  clear  distinction  may  nevertheless  be  drawn  between  these 
pseudo-igneous  masses  and  the  true  ancient  crystalline  rucks  on  whidi 
the  Silurian  strata  of  Scandinavia  rest{ 

In  North  America  a  similar  succession  prevails ;  and  we  have  thus 
proof  that  the  modification,  extinction,  and  renewal  of  species  are  not 
wholly  attributable  either  to  the  alteration  in  the  course  of  currents,  or  to 
the  elevations  or  depressions  of  the  ocean-bed,  or  to  other  more  or  less  local 
causes,  but  depend  on  some  general  laws  which  govern  the  entire  animal 
kingdom.    It  is,  too,  most  remarkable,  that  in  Russia,  where  the  de- 

*  See  Sir  R.  I.  Murchison*s  Memoir  on  the  Geology  of  Sweden,  in 
Geolofdcal  Society's  Journal,  vol,  iii.  p.  1 ;  "  Siluria,"  p.  316,  &c. 
t  "  Geology  of  Russia  in  Europe  and  the  Ural ;  "  and  "  Siluria." 
t  Quart  Joum.  Geol.  Soc.  vol.  xiv.  p.  36,  Ac. 
§  "  SQuria,"  p.  437. 
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IMMita  hare  gone  on  Uuough  tmniense  periods  without  intermption^  there 
are  few  species  which  pass  from  one  series  into  another. 

The  Silurian  series  of  North  America  is  divided  as  follows : — 
A.  Vppt  SUurian,  1.  Upper  Pentamerus  limestone ;  2.  Delthyris  shaly 
limestone;  3.  Lower  Pentamerus  limestone;  4.  Waterlime  rocks; 
6.  Onondaga  salt-rocks ;  6.  Coralline  limestone ;  Niagara  shales  and  lime- 
•tone.  B.  Middle  Siktnan.  7.  Clinton  rocks;  8.  Medina  sandstone; 
9.  Oneida  conglomerate.  C.  Lower  Silurian,  10.  Hudson  River  rocks ; 
11.  Utica  slate;  12.  Trenton  limestone;  13.  Bird's-eye  limestone; 
1-L  Chaiy  limestone ;  15.  Calciferoos  sandstone ;  16.  Potsdam  sand- 
stone ;  followed  by  the  Uuronian  or  Bottom  Rocks  of  Canada. 

Silurian  strata  form  immense  areas  in  North  America,  and  constitute 
the  grand  langes  of  the  Alleghanies.  In  the  Canadas  they  rest  on  gneiss 
and  granitic  rocks,  like  the  equivalent  deposits  in  Scandinavia  and  the 
North-west  of  Scotland.  The  Green  Mountains  of  Vermont  and  the 
White  Mountains  of  New  Hampshire  are  composed  of  altered  Silurian 
rocka.* 

18.  SilubiakEossilb:  PLAKT-BSMAiNS.-^The  remains  of 
about  1000  species  t  of  animals  have  been  discovered  in  the 
Silurian  and  Cambrian  deposits  of  Britain,  and  of  these,  some 
are  also  present  in  the  Devonian  formation.  Very  few 
species  onlj  are  common  to  the  whole  paleozoic  system,  and 
not  one  of  these  is  known  in  any  of  the  secondary  deposits. 
The  genera,  however,  have  a  much  larger  range.  These 
remains  almost  exclusively  belong  to  the  invertebrata,  the 
relics  of  fishes  being  comparatively  rare ;  the  large  develop* 
ment  of  this  class  of  vertebrated  animals  in  the  Devonian 
strata  above  is  a  remarkable  zoological  character  of  that 
period,  for  the  general  forms  of  the  Silurian  fauna,  with  this 
exception,  are  also  found  in  that  series. 

*  The  admirable  Geological  State  Surveys  of  North  America,  by 
Hitchcock,  W.  B.  and  H.  D.  Rogers,  Hall,  Conrad,  Vanuxem,  Dale 
Owen,  Swallow,  &c.,  and  of  Canada,  by  Sir  W«  Logan,  contain  full  par- 
ticulars of  the  palacosoic  strata  and  their  organic  remains.  See  also  the 
Memoirs  by  De  Vemeuil,  D.  Sharpe,  Bigsby,  Maicou,  Lyell.  and  others ; 
and  especially  the  valuable  chapter  on  the  PaUeozoio  Books  of  South, 
North,  and  Arctic  America,  in  '*  Siluria." 

t  Phillips,  •*  Manual  Geol.*'  p.  128. 
3  o  2 
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Vegetables. — ^Although  beds  and  patches  of  culm,  anthra- 
cite, and  bituminous  shale  occur  here  and  there  in  the  lower 
paliBOZoic  rocks  *  (Silurian  and  Cambrian), yet  plant-remains 
are  extremely  rare.  Indeed,  it  is  not  yet  proved  for  certain 
that  the  old  anthracitic  schists  owe  their  origin  to  the  d)9- 
composition  of  masses  of  seaweeds,  rather  than  of  zoophyte8,t 
and  what  have  been  regarded  as  fossil  J^ud  may  often  really 
be  the  casts  of  worm-tracks4  This  is  certainly  the  case  Mrith 
Seolithus  Unearie  of  the  Potsdam  sandstone  and  Lingula- 
flags,§  and  probably  with  respect  to  the  "  Fucoides  Har- 
lani,"  abounding  in  the  Silurian  rocks  of  the  Alleghany 
Mountains.  The  latter  are  short,  curved,  subcylindrical, 
wrinkled,  overlapping  bodies,  sometimes  forming  entire  layers, 
one  hundred  of  which  occur  in  a  thickness  of  twenty  feet.J 

It  is  in  the  Uppermost  Silurian  (Tilestone)  only  that,  as 
yet,  seed-vessels  and  woody  relics  of  terrestrial  vegetation 
have  been  found  in  England^  These  are  of  the  Lycopo- 
diaceous  type.f 

In  the  flagstones  of  MSgdesprumg,**  in  the  Hartz, however, 
which  are  most  probably  of  Upper  Silurian  age,  M.  Bischoff 
has  discovered  several  specimens  of  plant»like  fossils.  Some 
at  least  of  these  appear  to  be  portions  of  stems  or  branches, 
somewhat  resembling  those  known  under  the  names  of 
Knorria  and  Sigillaria  in  the  Devonian  and  Carboniferous 
strata. 

19.  SlIiTTRXAir  ZoO?HYTES«I!0HIirODSBH:S,iLin)  AmfTELIBSB. 

— The  Forifera  do  not  appear  to  have  been  frequent  in  the 
Silurian  seas,  if  we  are  to  judge  by  the  general  absence  of 

*  See  "  SUiiria,"  Appendix ;  Rep.  Brit.  Assoc.  1844,  sect.  p.  156,  &c 
t  See  Harkness,  Quart.  Jouro.  Geol.  Soc.  vol.  xi.  p.  471. 
X  See  aboTe»  page  808.  k  *'  Siluria,"  2nd  edit.  p.  41. 

II  Dr.  Harlan's  **  Medical  and  Physical  Researches,"  p.  399. 
%  Strickland^  Quart.  Joum.  Geol.  SoC;.  vol.  ix.  p.  10;  and  Salter,  ibidf 
vol.  xiT.  p.  76.     '<  Siluris,"  2nd  edit.  p.  267,  aote. 
**  Quart.  Joura.  Geol.  Soc.  vol  xi.  p.  432. 
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fossil  specimens.  Cliana,  however,  has  been  observed  in  the 
Upper  and  Lower  Silurian  rocks  of  Britain  and  Bohemia. 
Prof.  Ehrenberg  has  shown  *  that  the  grains  of  which  the 
greensand  associated  with  the  TJngulite-grit  of  the  Lower 
Silurian  series  of  Bussia  and  the  Baltic  Provinces  is  com- 
posed are  in  part  at  least  the  stonj  casts  of  the  chambers  of 
shells  of  pnmieval  Foraminifera,  not  differing  from  those  of 
later  times.f 

The  Oldkamia  occurs  as  small  groups  of  radiated,  fibrous 
or  thread-like,  wrinkly,  raised  or  sunken  lines  on  the  sur- 
faces of  the  beds ;  and  at  first  sight  appears  like  some  marine 
Conferva.  It  is  of  obscure  relations ;  but  is  valued  as  an 
interesting  fossil,  being  abundant  in  the  *'  Bottom-rocks  "  of 
Bray  Head. 

The  corals,  crinoids,  and  shells,  in  many  of  the  Silurian 
rocks,  are  so  numerous,  and  comprise  so  many  interesting 
forms,  that  a  reference  to  works  expressly  devoted  to  the 
subject  can  alone  convey  an  accurate  idea  of  this,  the  most 
ancient  fauna  of  our  planet,  of  which  any  vestiges  have 
hitherto  been  obtained.^ 

•  Berlin  Transact,  for  1855,  p.  172,  pi.  vi. 

t  See  abore,  pp.  314  and  332 

X  The  beautiful  and  accurate  plates  in  Sir  R.  Murchison's  "  Silurian 
System,"  and  repeated  in  '*  Silnria "  (which  latter  work  contains  also 
numerona  woodcut  figures  of  paleozoic  fossils),  conuin  representations  of 
a  Urge  proportion  of  the  British  species.  Many  others  are  figured  in  the 
Geol.  Transactions  and  Journal ;  in  Sowerby's  "  Mineral  Gonchology ;  " 
in  Phillips's  "  Figures  and  Descriptions  of  the  Paleozoic  Fossils  of  Corn- 
wall, Deron,  and  West  Somerset ;  "  in  Portlock's  "  Geological  Report  of 
Londonderry,"  Ac. ;  in  the  "  Geology  of  Russia  and  the  Ural ;  "  the  Me- 
moirs and  Decades  of  the  Geo!.  Surrey ;  Sedgwick  and  M 'Coy's  "  Synopsia 
of  the  British  Paleozoic  Rocks  and  Fossils; "  M'Coy's  *"  Synops.  Sil.  Foss. 
Ireland  ; "  Ac.  The  corals  hare  been  figured  and  described  by  Milne- 
Edwards  and  J.  Haime.  The  noble  palseontological  Tolumes  of  James 
Ball,  Dale  Owen,  and  others  of  the  United  States  geologists  must  be 
consulted  for  the  fossils  of  North  America.  The  Silurian  fossils  of 
Bohemia  hBTe  M.  Barrande  for  their  accurate  and  perserering  historian  * 
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Of  the  corals,  the  Chain-ooral  (Cateinpora  or  Salydtet^ 
p.  653),  Omphyma  (p.  650),  C^athaphyllum,  and  many  large 
species  of  Alveolites^  Favontes^  Heliolitee,  &c.^  are  among  the 
prevalent  forma.  They  abound  mostly  in  the  Wenlock 
group,  and  are  often  aggregated  and  cemented  together  into 
large  masses  of  limestone,  on  the  surface  of  which  the 
stars  or  cells  of  the  corals  appear  in  relief.  The  slabs  of 
Dudley  (or  Wenlock)  limestone,  embossed  with  these  fossils, 
must  be  familiar  to  every  intelligent  observer ;  indeed,  from 
the  profusion  of  trilobites,  shells,  and  corals  displayed  in 
relief  on  the  surface  of  the  slabs  of  this  limestone,  many  of 
the  specimens  are  of  surpassing  interest ;  they  are,  indeed, 
tablets  of  stone,  inscribed  with  the  typical  hieroglyphics  o^ 
the  palsBOzoic  ages. 

The  OraptoHtes^  are  peculiarly  characteristic  of  the 
Silurian  rocks.  They  are  small,  narrow,  thin,  saw-shaped 
fossils;  straight,  curved,  or  spiral;  and  either  simple  or  com- 
plex in  their  stems  and  polyp-cells.  They  are  often  thickly 
scattered  on  the  surfaces  of  flagstones.  Generally  black,> 
sometimes  bright  grey  (Sardinia),  they  catch  the  eye  by  the 
distinctness  of  their  general  form,  though  the  strictest  scru& 
tiny  of  the  naturalist  is  required  to  distinguish  the  varying 
characteristics  of  their  protean  structure.  Whether  they 
be  allied  to  the  existing  Alcyonaria  or  to  the  Bryozoa,  is 
nndecided-t 

Bryozaa  \  are  not  unfrequent  in  the  lower  paleozoic  rocks. 

Members  of  the  Crinoid  division  of  the  Echinodermata 
abound  in  the  forms  of  Actinocrinw^  tyathocrinus  (p,  664)^ 

and  those  of  Sardioia  are  beautifaUy  figured  in  the  magnificent  work  of 
De  la  Marmora.  The  Geological  Society  of  Prance  also  have  published 
many  Memoirs  illustrative  of  the  palaeozoic  fossils  of  France,  Spain,  &c 

*  Medals,  p.  255.  Barrande,  Scharenberg,  Geinitz,  J.  Hall,  Salter, 
M'Goy,  and  Harknesshave  of  late  years  especially  studied  and  illustrated 
the  Graptolites.    See  also  "  Silaiia,"  chapt  3. 

t  See  pp.  614  and  629.  {  See  above,  pp.  601  and  61L 
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Ac.,  chieflj  in  the  Upper  Silurian  beds.  The  Chfttoidea  are 
DumerouB ;  especiallj  GaryoeyHites^  ^hinoMpkarites,  and 
PseudocriniteM  (p.  666).  The  Starfish-group  also  is  well  re- 
presented by  several  species  •  of  Falaaster,  Pdlasterina, 
PaUcocoma,  Bdellacoma,  Bhopalocoma,  Protaster,  PdUeodiseus^ 
and  ZepidagteTj  with  the  echinoid  Pcdachinua. 

Annelides  t  have  left  abundant  proofs  of  their  existence 
throughout  the  Cambro-Silurian  series.  The  Scolithus  and 
Arenicolites  are  their  burrows;  and  numerous  trails  and 
casts  of  tracks  and  holes  are  also  found.  These  have  been 
in  some  cases  distinguished  by  names,  and  not  unfrequently 
they  have  been  taken  for  the  remains  of  fucoids.  Shelled  an- 
nelids, such  as  Spirarhu,  Tentaeuliteg,  and  the  ambiguous  Cor- 
nmlites,  often  abound.   The  two  last  are  characteristic  fossils. 

20.  SiLrBiAK  Molluscs. — The  Brachiopodous  Mollusca 
constituted  a  very  large  proportion  of  the  population  of  the 
Silurian  seas.}  They  attained  great  numbers,  as  genera,  as 
species,  and  as  individuals.  Species  of  Jirypa,  JDiscina,  Lep- 
i^pna,  Idnyula,  OrthU,  and  Bhynchonella  abounded.  Poram- 
bonUeSj  Siphanotreta,  and  Oholus  occur  in  the  Silurian  rocks 
only.  Some  of  the  middle  beds  (Llandovery  group)  are  full 
of  Peniatneri,  The  genus  Linyula,  which  affords  some 
species  characteristic  of  the  lower  part  of  the  Llandeilo-rocks 
(Lingula- flags)  and  the  equivalent  Potsdam  -  sandstone, 
Bkynehonellaj  Orania,  Ducina,  and  probably  Tkrehratula,  ap* 
pear  in  the  Silurian  rocks,  and  are  present  in  all  the  suc- 
cessive groups  of  paliBozoic,  secondary,  and  tertiary  strata, 
and  even  in  the  present  seas.§ 

The  Potsdam-sandstone,  the  most  ancient  fossiliferous 

•  Sdter,  Anosls  Nat  Hiat  2nd  ser.  toI.  zz.  p.  321. 

t  Medals,  p.  503 

X  M.  Barrande  has  determined  200  species  in  Bohemia. 

§  See  Mr.  T.  Daridson's  highly  Taliiable  "  Synoptical  Arrangement  of 
the  Recent  and  Fossil  Brachiopoda,"  Annals  Nat  Hist.  2nd  ser.  vol.  xTi. 
p.  429. 
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rock  of  North  America,  is  in  many  places  divided  into  lamin» 
by  the  remains  of  innumerable  shells  of  the  genus  Lingvla. 
They  are  in  such  profusion  as  to  form  black  seams  like  mica, 
and  are  accompanied  with  another  small  placunoid  shell, 
which  is  also  associated  with  a  small  species  of  Xifiyti/a  in 
the  lowest  beds  of  the  Llandeilo  series  of  Wales.  Here, 
then,  in  the  most  ancient  term  of  organic  life  is  a  shell  be- 
longing to  a  genus  not  extinct,  and  very  like  a  species  still 
living.* 

A  npecies  of  JJngulUes  or  Oholw  (a  small  orbicular  homy 
shell)  occurs  in  the  inferior  limits  of  the  fossiliferous  deposits 
in  Bu8sia,t  occupying  the  same  geological  position  as  the 
LinguUc  in  the  Lower  Silurian  beds  of  Wales  and  North 
America  above  cited. 

Amhanychia,  Avieula,  Pierinea^  Area,  Cleidophorw,  Modio- 
lopii*,  Nueula,  and  Orthmota  are  most  of  the  principal 
bivalves.  The  Fieropoda,  such  as  C(mularia%  and  Thecoy^ 
were  plentiful ;  and  of  large  size,  compared  with  the  existing 
species.  Of  Gasteropoda  there  were  numerous  forms:  Uuom* 
phaluSf  Sblopella,  Murchisonia,  Fleurotomaria,  and  some 
shells  resembling  the  recent  Ihvehus  and  Hhtrbo,  were  pre- 
dominant. Aeroeulia  (like  a  Capulus)  was  not  unfrequent 
in  some  localities,  and  attained  a  large  size.)  Chiton-like 
gasteropods  {Helminthochiton)  also  existed.  The  Bellero* 
phon,  a  genus  which,  like  many  of  its  associates,  lived  on  into 
the  Carboniferous  seas,  had  many  species  in  the  Silurian* 
The  Cephalopoda,^  however,  were  the  master^forms**  of 

•  Lyeirs  "Travels,  N.  America,"  vol.  ii.  p.  157 

t  **  Geology  of  Russia,"  toI.  ii.  p.  292. 

X  Specimens  more  than  a  foot  long  are  preserred  in  M.  Barrande's  in- 
valuable collection  of  Bohemian  fossils. 

{  In  the  Lower  Silarian,  five  inches  is  a  not  nnusnal  length  for  the 
T^heem ;  thej  are  smaller  in  the  Upper  Silurian :  the  living  species  are  of 
microscopic  size. — Barrande. 

II  Five  inches  long,  in  Bohemia. — Barrande,  ^  Medals,  p.  447. 

**  Nearly  300  species,  some  of  them  of  large  forms,  occur  in  Bohemia. 
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these  primeval  seas.  In  Britain  alone  nearly  sixty  species  of 
Sflarian  Orthoeerata  are  known :  in  the  Bohemian  basin  M. 
Bairande  has  worked  out  very  many  more;  besides  many 
other  genera,  some  almost  as  rich  in  species.  M.  Barrande  has 
met  with  at  least  two  specimens  of  Orthoceras  in  which  re? 
mains  of  the  soft  parts  are  still  present,  in  the  condition  of 
a  soft,  waxy,  yellowish'brown,  adipocire-like  substance.* 
Some  specimens  of  Orthoceras  attained  a  large  size,  being 
three  feet  in  length,  and  having  seventy  septa. 

Chniaiites  do  not  occur  in  the  British  Silurian  strata;  but 
are  present  (fourteen  species)  in  those  of  Bohemia^  where 
other  fossils  of  a  ''Devonian"  character  are  mingled  with 
those  of  the  "*  Upper  Silurian."  M.  Barrande  has  found  in- 
dications of  the  original  colours  of  the  shells  retained  on 
eight  or  ten  specimens  of  Silurian  cephalopods  of  Bohemia. 

Zdfuitetf  PhragmoeeraSy  Cyrtoeerat^  and  Ascoeeras  are  the 
remaining  genera  of  the  British  Silurian  cephalopods.f 

21.  SiLiJBiAK  Cbustacea. — The  higher  or  Malacostra- 
ooos  members  of  the  Crustacean  order  do  not  appear  in  the 
lower  palsozoic  rocks.  The  Entomostraca,  however,  abound 
The  PterygoiuSy  allied  to  the  Limulus,  but  more  nearly  re- 
sembling one  of  the  Lobster  family  in  outward  form,  occurs 
in  the  Lower  Ludlow^  with  Limuloidss,  and  again  in  the 
uppermost  of  the  Ludlow  beds,  as  well  as  in  the  Old  Bed 
and  Lower  Carboniferous,  as  already  mentioned.  Hymeno^ 
earis  is  a  bivalvular  phyllopod,  somewhat  resembling  a  Ke- 
balia,  and  is  one  of  the  oldest  of  known  organic  remains. 
Oeratiocaris,  another  bivalved  crustacean,  with  protruded 

*  For  this  and  much  other  interesting  information  respecting  the  SUii- 
rian  fossils  of  Bohemia,  the  Editor  is  indebted  to  the  kindness  of  M. 
Barrande. 

f  The  Editor  takes  this  opportunity  of  acknowledging,  with  mnch 
pleasure,  the  great  assistance  he  has  derived  throughout  this  work  from 
ProfPhillips's  Synoptical  Tables  of  Fossil  Genera  ("  Manual  of  Geology,*' 
18.')5),  carefully  constructed  from  Morris's  "CaUl.  Brit.  Foss.,"  1854. 

X  Salter,  Annals  N.  H.  2nd  ser«  rol.  xx.  p.  321 
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tail,  belongs  to  the  Upper  Silurian.  Small  biTalved  ento* 
mostraca,  such  as  Beyrichia  and  Leperditia,  occtir  both  in 
Lower  and  Upper  Silurian  rocks,  and  often  in  great  numbers. 
Track-marks,  referred  to  Limuloid  crustaceans,  and 
termed  Froiichnites/^  have  been  founded  in  the  Potsdam- 


UOM.  in.^TSXLOBITS  Cf  SlLVUAIf  UMKSTONK  FBOX  DUOIJt\. 
^CW|nN«N«  t  Blumtmbaekii. 

sandstone  of  Canada,  {  in  the  Clinton  rocks  of  the  United 
States,  §  and  in  the  Lower  Silurian  of  Scotland ;  ||  others, 
referred  by  Mr.  Salter  to  the  Hymenocaris^  have  been  found 
bj  him  in  the  Lingula-flags  of  North  Wales.^" 

•  Firtt'traeki, 

t  Calymene^  signifying  concealed  :  in  allusion  either  to  the  obscurity 
of  its  zoological  relations  when  first  studied,  or  to  the  non-discovery  of 
legs  and  antennae. 

X  Logan  and  Owen,  Quart.  Joura.  Geol.  Soc.  toI.  viii.  pp.  199  and  214. 

$  Desor  and  Owen,  loe.  cit,  p.  '213 

II  Harkness,  Geol.  Soc.  Joum.  vol.  xii.  p.  243. 

%  Quaru  Geol.  Joum.  rol.  x.  p.  208. 
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ISrikhUei.* — But  the  most  extraordinary  feature  in  the 
Cambro-Silurian  fauna  is  the  abundance  and  variety  of  the 


UOSI.  m— BKCBIXVBVS  PUXCTATV8,  PEOX 
DVDLKT. 
(7kt  hmd  i»  htrt  imptrftetj 


LIOIC.  IM.— PHACOP8  CAITDATVB,  PJtUlf 

DUDLEY. 

(TmO-poriimm. ) 


Uoai.  IM.— UUMALOXOl-VB  OELPHIXOCKTBALUS,  PKOX  THS  WXWXX>CX  ftOOCH. 
rAtduMi/rom  FL  TU.  HtJIg.  1, 80.  Bf$t. ' 

Trilobites, — a  peculiar  family  of  Crustaceans,  of  which  there 
are  no  living  representatives,  and  which  is  restricted  to  the 
•  TrilobHes,  lignifyiDg  "  ihree-lobed/'  from  the  general  form  of  the 
canifwce  or  shell. 
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palieozoic  formations,  and  almost  exclusively  to  the  most 
ancient  fossiliferous  deposits ;  for,  while  the  Silurian  rocks 
teem  with  the  relics  of  hundreds  of  species,*  but  few,  com- 
parativelj,  occur  in  the  Devonian  and  Carboniferous. 

These  remarkable  crustaceans  had  the  body  protected  by 
a  strong  dorsal  case  or  shell  composed  of  numerous  annular 
segments,  and  generally  divided  into  three  lobes  by  t^'o  lon- 
gitudinal furrows  or  depressions.  The  head  and  the  tail 
are  each  covered  by  a  single  piece.  The  eyes  of  most  of  the 
genera  are  very  large  and  reticulated,  consisting  of  numer- 
ous distinct  facets  or  lenses,  as  in  other  crustaceans,  and  are 
implanted  on  the  cephalic  buckler.  No  traces  of  pats,  feet, 
or  swimmers  have  been  detected,  and  it  is  therefore  sup- 
posed that  these  appendages  were  composed  of  a  soft  and 
perishable  substance.f 

One  of  the  most  common  species  of  Trilobite  is  the  Oafy- 
mene  Blumenhachii,  commonly  known  as  the  **  Dudley  fossil 
Insect"  or  "Locust,"  and  which  has  long  attracted  the 
attention  of  collectors  ;  X  this  crustacean  is  found  either  at- 
tached by  the  under  surface  to  the  rock,  as  in  Li^.  192,  or 
coiled  up  like  an  Oniscus,  or  wood-lou8e.§  Some  kinds,  aa 
the  Calymene,  could  coil  themselves  into  a  ball  like  the 
wood«lice;  while  others  had  the  central  segments  alone 
moveable.  The  Trilobites  vary  exceedingly  in  form  and 
magnitude ;  some  not  exceeding  a  few  lines,  while  others 
are  eighteen  or  twenty  inches  in  length. 


*  In  Bohemia  alone  252  species  hare  been  recognised  bj  M.  Barrande. 
See  his  richly  illnstrated  work  on  the  Silurian  Basin  of  Bohemia. 

t  See  Medals  of  Creation,  pp.  532 — 542,  for  an  account  of  the  Trilo- 
bites, and  for  references  to  monographs  and  descriptions.  The  notices 
of  the  Trilobites  in  Sir  R.  Murchison's  "Siluria"  must,  however,  be 
carefully  consulted,  as  comprising  the  latest  and  most  complete  accomit 
of  the  distribution  of  this  genus. 

X  This  Trilobite  was  figured  and  described  by  Lhwyd  in  1696. 

$  Medals  of  Creation,  p.  533  {Lign.  175,  Jig.  4). 
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The  Trilobites  of  the  genera  vlynoffuf,  Conocephalus,  OImus,  and  Pa-' 
I  chancterixe  the  lowest  fuseiliferoue  schists :  JEglina^  Amphion, 
CybeUj  Cgphomseut,  Harpe*,  IlUentu,  Ogygia,  R^mopleuridet, 
TrinudeuMy  &c.  belong  to  the  Llandeilo  and  Caradoc  beds :  Acidaspit, 
ProtiuM,  &c.  have  more  Upper  than  Lower  Silurian  species.  Calymene,* 
CAeintnUf  CfphaapiB,  Encrinurui,  Homalonotus,  Lichas,  Phaecps,  and 
other  genera  range  from  the  lower  to  the  upper  part  of  the  series. 

According  to  the  late  researches  of  Profi  W.  B.  Bogers,t  the  gigantic 
Pturadoandea  Harlani  characterizes  the  metamorphic  schists  of  Brain- 
tree  (Eastern  Massachusetts) »  flanking  the  AUeghanies,  ten  miles  south 
of  Boston,  and  indicates  their  age  to  be  that  of  the  Lingula- flags  of 
Wales,  M.  Barrande's  '*  zone  primordiale  "  of  Bohemia,  and  the  Pots- 
dam-eandstone  and  the  Dikelocephalus-sandstone  of  North  America. 

22.  Visual  Oboaks  op  thb  Tbilobites.  —  That  any 
traces  should  remain  of  the  visual  organs  of  animals  which 
existed  at  so  remote  a  period  seems  at  first  incredible ;  but 
there  are  no  limits  to  the  wonders  which  Geology  unfolds  to 

U8.^ 

The  eyes  of  the  Trilobites  resembled  in  structure  those  of  crustaceans 
and  insects,  which  are  composed  of  a  vast  number  of  elongated  cones, 
each  having  a  crysuUine  lens,  pupil,  and  cornea,  and  terminating  on  the 
extremity  of  the  optic  nerre.  Each  organ  of  sight  is,  therefore,  a  com- 
pound instrument,  made  up  of  a  series  of  optical  tubes,  or  telescopes,  the 
number  of  which  in  some  insects  is  quite  manrellous.    Thus,  each  eye 

*  Cafymene  Biununbaehii  occurs  both  in  the  Caradoc  or  Bala  beds  of 
Snowdon  and  in  the  Wenlock  limestone. 

t  Boston  Nat.  Hist.  Soc.  Proceed,  vol.  vi.  pp.  27  and  40.  See  al^o 
Aid.  p.  140,  for  Prof.  H.  W.  Rogers's  remarks  on  the  classification  of  the 
Metamorphic  rocks  of  the  Atlantic  slope  of  the  Middle  and  Southern 
States. 

i  The  structure  of  the  eye  of  the  Trilobite  was»  I  believe,  first  noticed 
by  that  accurate  observer,  Mr.  Martin,  the  author  of  "  Petrif.  Derbi- 
ensia ; "  it  is  illustrated  in  the  "  Histoire  Naturelle  des  Crustaces  Fossiles," 
par  A.  Brongniart  et  Q.  A.  Desmarest,  Buckland's  ^*  Bridg.  Treat.,"  the 
"  Decades  of  the  Geol.  Survey,"  Barrande's"  Syst.  Silur.  Boh^me,"  vol.  i. 
(Trilobites),  and  in  Burmeister's  *'  Organiz.  Trilob."  The  cornea  in  the 
Trilobites  is  said  by  Burmeister  to  have  an  external  smooth  integument, 
which  covers  over  the  facets  of  the  aggregation  of  lenses  of  which  the 
eye  consists,  as  in  the  Branchipus. 
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of  the  common  hooBe-fly  is  composed  of  eight  thouauid  diitisct  visnal 
tubes ;  that  of  the  dragoa-fly,  of  nearly  thirteen  thousand ;  and  of  a 
tmtteifly,  of  seTenteen  thousand.  The  Trilobite,  like  the  Limulus^  was 
furnished  with  two  compound  eyes,  each  being  the  frastrum  of  a  cone, 
but  incomplete  on  that  aide  which  is  opposite  to  the  other.  In  Phaeopt 
upwards  of  200  lenses  hare  been  detected  in  each  eye ;  but  in  general 
the  lenses  have  fallen  out,  as  often  happens  after  death  in  the  eyes  of  the 
common  lobster.  The  eyes  of  .£glina  are  very  large,  and  each  eye  con- 
tains more  than  1500  facets ;  but  the  eye  of  BronUt  paUfer  presents 
more  than  30,000  facets  (Barrande).  Thus,  obsenres  Dr.  Buckland,  we 
find  in  the  trilobites  of  these  early  rocks  the  same  modifications  of  the 
organ  of  sight  as  in  the  living  crustaceans.  The  same  kind  of  instru- 
ment waA  also  employed  in  the  intermediate  periods  of  our  geological 
history,  when  the  secondary  strata  were  deposited  at  the  bottom  of  a 
sea  inhabited  by  Limuli,  in  those  regions  of  Europe  which  now  form  the 
elevated  plains  of  central  Germany.  But  these  results  are  not  confined 
to  physiology:  they  prove  also  the  ancient  condition  of  the  seas  and  at- 
mosphere, and  the  relation  of  both  these  media  to  light.  For  in  those 
remote  periods  the  marine  animals  were  furnished  with  instruments  of 
vision  in  which  the  minute  optical  adaptations  were  the  same  as  those 
which  now  impart  the  preception  of  light  to  the  living  Crustacea.  The 
mutual  relations  of  light  to  the  eye,  and  of  the  eye  to  light,  were,  there- 
fore, the  same  at  the  time  when  crustaceans  first  existed  in  the  bottom  of 
the  Silurian  seas  as  at  the  present  moment.* 

23.  SiLUBiAK  Fishes. — Of  the  vertebrate  animals,  the 
relics  of  a  few  species  of  small  placoid  fishes,  and  a  few  others 
of  the  ganoid  group  and  cephalaspid  family ,t  found  in  the 
Upper  Ludlow  rocks,  are  the  only  vestiges  hitherto  obtained 
from  the  immense  series  of  strata  composing  the  Silurian 
system  (ofMurchison), — ^the  Silurian  and  Cambrian  series  of 
Sedgwick. 

From  the  presence  of  C^phaUupis  (afterwards  so  plentiful 
in  the  Old  Bed  Sandstone)  amongst  these  Ichthyolites,  and 

*  Bridgewater  Treatise,  pp.  398 — 404,  where  the  subject  is  ably  eluci- 
dated, and  placed  before  the  reader  in  a>  striking  point  of  view. 

t  See  Table,  p.  802.  For  the  latest  information  respecting  Silurian 
fish-remains,  see  Quart.  Geol.  Joum.  vol.  ix.  pp.  12  and  K» ;  ibid.  vol. 
ziu.  pp.  282  and  290 ;  and  "Siluria." 
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their  aaeociation  with  Pterygotu*,  which  also  becomes  abund- 
antly developed  in  the  Eorfarshire  shales,  the  uppermost 
Ludlow  rocks  of  Britain  evidently  mark  the  transition  from 
the  Silurian  to  the  Devonian  epoch :  that  is,  these  beds 
were  being  deposited  during  the  period  (probably  of  great 
duration)  when,  coincidently  with  some  important  rearrange* 
ment  in  the  distribution  of  land  and  sea,  the  precursors  of 
new  tribes  of  animals  advanced  upon  the  shallowing  area  of 
the  old  sea-bed,  before  the  existence  of  the  ancient  forms  of 
life  was  terminated. 

Most  of  the  ichthyolites  occur  in  two  thin  brownish  bands, 
called  "  the  Ludlow  Bone-beds ; "  the  lower  one  of  which, 
though  only  a  few  inches  thick,  has  been  traced  for  more 
than  forty  miles.  It  consists  mainly  of  animal  detritus, 
namely,  the  bones,  teeth,  scales  or  shagreen,  fin-bones,  and  co- 
prolites  of  small  fishes.  This  deposit  resembles  the  bone- 
bed  *  at  the  base  of  the  Lias. 

24.  Structure  or  Slate-rocks. — Many  of  the  older  pa- 
leozoic rocks  of  Britain,  America,  and  elsewhere  have  been 
not  only  hardened  by  chemical  and  mechanical  agencies,  but 
converted  into  shivery  or  schistose  rocks,  traversed  by  nu- 
merous joints ;  and  sometimes  they  are  separable  into  thin 
regular  plates  or  slates.  These  changes  have  taken  place, 
also,  in  some  of  the  Devonian  and  Carboniferous  rocks ;  and, 
in  the  Alps  and  other  places,  even  the  Cretaceous  and  Ter- 
tiary rocks  have  been  similarly  altered. 

SchiflU  and  slates  almost  uniTenally  occur  on  the  flanks  of  mountain- 
maaaes,  rising  up  into  lofty  peaks,  and  dipping  beneath  the  newer  sedi- 
mentary deposiU:  thus  Skiddaw,  Sea-feil,  Coniston-fell,  and  Saddleback 
in  Cumberland,  peaks  3000  feet  high,  are  schistose  and  slaty  rocks 
thrown  np  by  a  central  mass  of  granite. 

*  See  p.  524.  This  latter  bone-bed,  haring  much  the  same  relation  to 
the  Trias  as  the  Ludlow  bone-beds  have  to  the  Silurian,  has  been  traced 
for  upwards  of  forty  miles  in  the  West  of  England,  besides  having 
been  recognised  over  a  wide  area  in  Germany. 
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Shaist  an  either  hud  or  toft  ergilUceooB  rocks,  easily  iplttUiig  along 
the  plaBes  of  bedding  or  of  sedimentary  deposition ;  Sehittt  are  hud 
rocks,  of  argillaceous  or  silicious  composition,  which  are  laminated  and 
shivery  chiefly  along  the  planes  of  bedding  ;  in  Slates,  on  the  contrary, 
the  laminated  structure  is  due  to  dirisional  lines,  called  planes  of  deavoffe, 
which  travtne  the  planes  of  bedding,  in  what  were  originally  strata  of 
fine  argillaceous  sediment. 


•  tM.—SLATB-BOCIL't  AKD  OKAPTCUTB-ICHUn  AT  ABBUOBDT  BAT,  XBAB  ST. 

Datio's.  FBMBBOKBBHiRB.    ("  SilurlAo  Sjmcm/'  p.  SM.) 
Jh»  liMM  ^  ttm^mgt  mmd  ttrmtiJUtttiam  eoimeidmt.J 


LION.  »7.-BBCTIOyS  OP  SLATB.B0CU. 

Plf.  L  SmUob  BMtf  LUndoTory.  QvutMM  frit  and  Miid«tm« ;  a, «.  plUM  oflwddliiff  i  ft, », 
qiurtxoM  Tclas.    Tb«  highly  lacllacd  llnaa  mark  ih«  planet  ofaiatj  eleavace 

Flff.  1.  Section  of  alate-roeki  at  Whltraaad  Baj,  PembrokMhlre ;  the  cleaTife  and  llaea  of 
•tzntlflcation  dlreivent. 

It  is  often  difficult  to  define  schistose  and  slaty  rocks ;  and  there  are 
also  rocks  distinguiBhed  from  cither  by  their  lines  of  division  (often  set 
widely  apart)  being  termed  pUnes  of  /oluUion,  such  ss  are  seen  in 
moat  of  the  giieissose  rocks.    The  fineness  of  grain,  general  aspect,  hard- 
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,  and  texture  of  trae  slates  (roofing-slate)  are  too  well  known,  from 
the  uniTersal  employment  of  slate  for  economical  purposes,  to  require 
particular  description.  The  colour  usually  approaches  to  blue,  grey, 
green,  and  a  dull  purple ;  and  the  texture  is  very  fine,  although  occa- 
siooally  the  slate  passes  into  sandstone  and  greywacke ;  for,  as  clay-beds, 
sandstones,  and  conglomerates  succeed,  or  alternate  with,  each  other  in 
later  formations,  so  clay-slate  occasionally  passes  into  varieties  of  grey- 
wacke, which  are  indurated  sandy  and  gritty  strata,  often  containing 
fragments  of  still  older  sUtes  and  crystalline  rocks,  and,  from  the  nature 
of  their  composition,  not  susceptible  of  the  infinite  and  regular  cleavage 
that  the  clay-rock  has  undergone. 

In  some  instances,  the  lines  of  clearage  are  in  the  same  plane  as  those 
of  the  strata,  as  in  the  section  [Liffn,  196) ;  but  commonly  the  clearage 
is  in  a  different  direction  to  the  stratification,  the  respective  lines  crossing 
each  other  at  various  angles.  In  the  quartzose  grit  and  sandstone  of 
Llandovery  (li^nt.  197,^.  1),  and  in  the  slate-rocks  at  Whitesand  Bay 
in  Pembrokeshire  {Jig,  2),  the  discrepancy  between  the  lines  of  deposi- 
tion and  of  cleavage  is  strongly  marked. 

This  peculiar  laminated  structure  is  common  to  many  rocks  which  are 
proved,  by  their  contained  fossils,  to  be  of  sedimentary  origin.  The  direc- 
tion of  the  laminie  or  cleavage-planes,  with  respect  to  the .  stratification 
of  a  given  rock,  differs  exceedingly  in  different  places ;  these  being  oft- 
entimes at  right  angles  to  each  other  {tee  Lign.  197,  Jig,  2).  Hence  it 
follows  that  this  remarkable  structure  must  be  wholly  independent  of  de- 
position. Prof.  Sedgwick  has  regarded  it  as  being  due  to  a  kind  of  dull 
crystalline  action  on  an  enormous  scale.  Prof.  Phillips  and  Mr.  D.  Sharpe 
have  shown  that,  chiefly  from  the  changes  of  form  that  fossils  have  un- 
dergone in  some  cleaved  rocks,  mechanical  force*  applied  laterally, 
and  connected  probably  with  the  uplift  of  mountain-masses,  has  had 
much  to  do  with  the  origin  of  cleavage,  in  conjunction  perhaps  with  the 
crystalline  action  suggested  by  Sedgwick.  And  lastly,  Sorby  has  demon- 
strated that  the  intimate  particles  of  clay-slate  and  other  slaty  rocks 
have  been  absolutely  shifted,  by  mechanical  force,  from  their  original 
poaitioDS,  in  which  they  were  deposited  as  sediment,  into  new  positions 
in  which  they  are  set  parallel  to  each  other,  and  arranged  in  lines  and 
giving  rise  to  innumerable  lines  or  planes  of  relative  weak- 
in  the  rocky  mas<,  along  which  it  may  be  easily  split ;  the  old 
lines  of  bedding  being  more  or  less  completely  obliterated  by  the  change 
of  structure.  The  foUtUion  of  the  gneissic  rocks  is  partly  due  to  a 
similar  cause;  and  partly,  it  appears,  to  those  chemical  alterations,  on 
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•n  enomMnis  scale,  which  the  ruck*  in  ooatigaity  to  the  deep  ■otod 
igneous  muMM  hwre  suffandt  and,  probably,  are  stiU  nndergoing.* 

25.  Eetixw  of  thi  Lowbb  Palaozoio  Sebiss.— In 
eoncluaiony  I  will  briefly  review  the  leading  phenomenft  which 
have  been  brought  under  our  notice  in  the  course  of  thia 
Lecture. 

The  strata  comprised  in  the  Silurian  or  Cambro-Silunan 
aeries  present  all  the  usual  characters  of  marine  sedimentary 
deposits.  The  fossils  comprise  traces  of  manne  worma 
throughout  -the  series,  many  corals,  chiefly  in  the  upper 
Umestones,  numerous  crinoids,  immense  numbers  of  extinct 
forms  of  the  lower  crustacean  tribes,  and  of  brachiopodous 
moUusca,  with  many  of  the  lameUi-branchiate,  gasteropodous, 
pteropodouB,  and  oephalopodous  families.  The  fishes  come 
in  late  in  the  series,  together  with  scanty  relics  of  terrestri* 
al  plants.  The  marine  yegetation  of  the  period  is  indicated 
only  by  obscure  fucoidal  markings,  and  possibly  by  the  oc* 
casional  anthracitic  and  bituminous  bands  of  the  lower  rocks. 
These  organic  remains  belong,  for  the  most  part,  to  peculiar 
generic  types,  mostly  ranging  throughout  the  fossiliferous 
Cambro-Silurian  strata,  and  some  extend  into  the  upper  pa* 
ls3ozoic  formations,  but  none  occur  in  the  secondary  deposits. 

In  fine,  the  lower  paleosoio  rocks  (the,*'Silnrian  and  Cambrian,"  of 
Sedgwick,  or  "  Upper  Silurian,  Lower  Silurian,  and  Bottom-rocks,"  of 
MurchiBon)  hare  resulted  from  marine  depositions,  going  on  throng  im* 
mense  periods  of  time,  in  seas  swaming  with  aoophy  tes,  crinoids,  emata* 

*  The  papers  by  Sedgwick  and  D.  Shaipe,  on  Cleavage,  are  to  be 
found  in  the  Geolog.  Transact,  and  Joum. ;  Mr.  Sorby's  papers  in  the  PhiL 
Mag.  and  Edtnb.  N.  Phil.  Joum.  Their  researches,  together  with  those 
of  Darwin,  Hopkins,  Tyndall,  Bogers,  Haughton,  and  others,  are  admir- 
ably colleeted  and  illustrated  by  Prof.  Phillips,  in  his  "  Report  on  Clear- 
age,"  to  the  Meeting  of  the  British  Assoc.  1857.  See  also  Sir  R.  Mur- 
chison's  concise  r6sum6  of  the  facts  and  hypotheses  relating  to  the 
interesting  subject  of  Qeavage,  in  "  Siluria,"  2nd  edit,  chapter  2.  For 
some  remarks  on  Metamorplusm  of  Rocks,  see  further  on,  Lect  Tui. 
part  2. 
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and  molluscs,  and  ultimately  with  fishes.  Much  of  the  lower 
portion  of  this  great  sedimentary  series  has  been  subjected,  since  its  ori- 
ginal deposition,  to  metamorphic  influences,  by  which  the  sedimentary 
characters  have  been  either  greatly  modified  or  entirely  obliterated ;  still 
some  of  the  "  bottom-beds  "  (Longmynd)  are  even  less  altered  than  great 
portions  of  the  succeeding  groups  of  Llandeilo  and  Caradoc. 

Some  eminent  geologists  are  of  opinion,  that  there  is  a  line  in  the  de- 
scending series  of  strata,  where  organic  remains  entirely  disappear ;  and  that 
this  line  is  by  no  means  coordinate  with  mineral  changes  induced  by  igneous 
action.  As  regards  the  absence  of  fossils  in  the  porphyriferous  schists 
of  Llandeilo  a^  it  may  be  in  part  attributable  to  the  obliteration  of  all 
vestiges  of  organic  remains,  in  consequence  of  the  high  temperature  to 
which  they  have  been  exposed ;  or  animals  may  not  hare  been  capable 
of  living  in  an  ocean  subjeeted  to  continual  incursions  of  igneous  matter. 

But  the  bottom-rocks  are  sometimes  Hot  so  much  altered  but  that  fos- 
sils might  be  detected  in  them,  if  present ;  and  this,  to  some  extent,  has 
been  put  to  the  proof,  at  Bray  Head  and  the  Longmynd,  by  Dr.  Kinahan 
and  Mr.  Salter,*  who  hare  thus  extended  our  knowledge  of  primeval 
animated  nature  into  periods  once  thought  to  be  "  azoic."  What  further 
glimpses  into  the  natural  history  of  the  primordial  regions  we  shall  ob- 
tain, the  persevering  and  active  researdies  of  intelligent  collectors  will 
■looe  show. 

With  the  Oldhamui  of  Ireland,  the  Paiaopyge  of  the  Longmynd,  and 
their  associated  ArmieoliU$j  we  lose  at  present  all  positive  evidence  of 
the  presence  of  organic  beings  on  the  surface  of  the  primordial  earth ; 
Imt  it  would  be  rash  to  assume  that  these  most  ancient  fossils  are  the 
TelioB  of  the  earliest  living  things  that  tenanted  our  planet  Well  has 
Sir  C.  Lyell  remarked,  that  **  it  is  too  common  a  fallacy  to  fix  the  era  of 
Ike  first  creation  of  each  tribe  of  plants  or  animals,  and  even  of  animate 
beings  in  general,  at  the  precise  point  where  our  present  retrospective 
knowledge  happens  to  stop."  f 

•  See  above,  p.  808. 
f  See  also  "  Travels  in  North  America,"  vol.  ii.  p.  128,  &c. 
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PABT  II. — ^THB  VOLCAKIC  ASD   HTTOGENE  BOCKS. 

1.  Ditrodnetory.  S.  Katare  of  Yoleantc  Action.  3.  Earthqaakes.  4  Earttaqoake  of 
LlaboiL  5.  PblegnBan  fields,  and  the  Ll|iari  lalea.  S.  lachla  and  VeBaTfos.  7.  Stnie- 
tare  of  Vcdcaalc  Moantalni.  8.  Volcanic  Prodncta.  9.  LaTa-cnirenti,  Djkei,  and 
Veins.  10.  Eruptions  of  VeaaTfos.  It.  Herculaneam  and  PompeU.  12.  CooierratiTe 
effects  of  Lara-Btreams.  13.  Organic  Remains  In  Lava.  U.  Mount  Etna.  15.  Val  del 
Bore.  16.  Volcano  of  KlUaea.  17.  Mr.  Stewart's  visit  to  KOanea.  18.  Volcano  of 
Jonilla.  19.  Sabmarice  Volcanos.  99.  Sammarjr  of  Volcanic  Pbenomena.  SL.  Hypo- 
gene  Bocks.  8S.  Mlca-sehlst  and  Gneiss.  93.  Contorted  Crystalline  Bocka.  94.  Basalt 
or  Trap.  95.  Isle  of  Staffa.  96.  Strata  altered  firom  contact  witb  Basalt.  97.  Trap- 
dykes  In  the  Isle  of  Sky.  98.  Granite.  99.  Granitic  Empdons.  90.  Metamorphlam  of 
Rocks.  31.  Predons  Stones.  99.  Metalliferous  Veins.  93.  AurlArousAlluirla.  34.  On. 
preoos  Deposits.  35.  Transmutation  of  Metals.  96.  Reirlew  of  the  Hypogene  Bocks. 
87.  Organic  Remains  In  metamorphlc  Rocks.  38.  Chronology  of  Mountain-chains.  3Bl 
Systems  of  Elevation.  40.  The  Great  Caledonian  Valley.  41.  Stmctore  of  Ben  Nevia. 
49  Betrospect.  43.  Successive  changes  In  the  Organic  Kingdoms.  44.  Geological 
effects  of  Dynamical  and  Chemical  Action.  45.  Strata  composed  of  Organic  Bemalns. 
46.  General  Inferences.  47.  The  Ancient  World.  48.  Corollary.  49.  Final  EfEecCs. 
M.  Condoding  Bemarks. 

1.  IwTBODUCTOBT. — "We  havc  now  passed  the  boundarj 
which  separates  the  animate  from  the  inanimate  world,  and 
have  entered  those  regions  of  geological  research  in  which 
all  traces  of  organized  beings  are  absent,  and  various  modifi- 
cations of  mineral  substances  are  the  only  objects  that  meet 
our  view.  The  rocks  no  longer  exhibit  those  organic 
characters  by  which  we  were  enabled  to  decipher  the 
natural  records  of  the  past,  entombed  in  the  fossiliferous 
strata;  but  they  are  inscribed  with  hieroglyphics  whose 
meaning  is  often  obscure  and  frequently  unintelligible,  and 
many  of  which  admit  of  a  double  interpretation. 

The  mechanical  effects  of  water  aa  a  fluid,  everywhere  so 
manifest  in  the  sedimentary  formations,  are  no  longer  appa- 


1 1.  INTRODUCrrORT.  o89 

rent ;  but  the  powerful  agency  of  the  same  substance  in  the 
several  conditions  produced  by  high  temperature^as  vapour, 
steam,  and  gas  * — is  universally  exhibited  in  the  upheaved 
mountain-chains,  the  protruded  igneous  matter,  the  rent  and 
dislocated  rocks,  and  the  rugged  peaks  and  precipitous  glens, 
which  are  the  characteristic  features  of  the  physical  geogra- 
phy of  schistose  and  granitic  regions. 

In  the  phenomena  attendant  on  the  earthquakes  and  vol- 
canos  of  modem  times,  we  have  proofs  of  the  continued 
energy  of  those  physical  forces  which  produced  the  results 
that  will  form  the  principal  subjects  of  this  discourse.  The 
nature  and  effect  of  volcanic  action  (to  which  we  have  pre- 
viously and  incidentally  alluded)  now,  therefore,  demand  our 
especial  consideration,  in  order  that  we  may  comprehend  the 
origin  and  formation  of  the  metamorphic  and  plutonic  rocks ; 
or  in  other  words,  of  those  mineral  masses  which  have  ac^ 
quired  a  crystalline  structure  from  exposure  to  the  influence 
of  intense  heat  under  great  pressure,  and  have  been  elevated 
into  their  present  position  by  subterraneous  movements.  I 
propose,  in  the  first  place,  to  consider  the  nature  and  effects 
of  igneous  action  as  exhibited  in  existing  volcanos ;  secondly, 
to  describe  the  hypogene  or  plutonic  rocks,  and  the  changes 
produced  in  contiguous  mineral  masses  by  their  influence ; 
and,  lastly,  to  offer  a  few  general  remarks  on  some  of  the 
most  important  subjects  that  have  engaged  our  attention. 

2.   Natxibie  of  Volcanic  AcTioK.f  —  Volcanic  action 

*  The  beautiful  ezperimenta  of  Mr.  Grove  prove  that  water  may  be 
reduced  to  its  elementary  compounds — oxygen  and  hydrogen — by  intense 
heat  alone.    See  Philos.  Trans.  1846. 

t  Daubeny,  Darwin,  Scrope,  and  Lyell  are  chief  among  the  English 
geologists  who  have  made  the  causes  and  effects  of  volcanos  a  special 
study.  The  Transactions  and  Journal  of  the  Geological  Society  are  en- 
riched with  several  of  their  Memoirs ;  and  the  special  works  of  Scrope 
and  Daubeny  on  Volcanos  ought  to  be  m  the  hands  of  the  student.  In  the 
appendix  to  the  second  edition  of  Dr.  Daubeny's  comprehensive  and  in- 
valuable "  Description  of  active  and  extinct  Volcanos,  of  Earthquakes, 
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18  referred  bj  Humboldt  to  the  influence  exerted  by  tb^ 
internal  beat  oi  our  pbioet  ou  its  external  surface ;  by  wbiqb 
eoncuaaions  of  tbe  land,  or  earthquakes,  and  the  e^ansiou 
or  elevation,  and  the  subsidence  or  contraction,  of  largo 
portions  of  the  solid  crust  of  the  earth  have  been  produced. 
The  number  of  existing  yolcanos  is  estimated  at  about  20Q, 
of  which  IIG  are  situated  in  America  or  its  islands* 

In  tbe  previous  discourses,  many  of  the  effects  of  igneous 
agency  came  under  our  notice,*  namely,  tbe  subsidence  and 
elevation  of  the  Temple  of  Serapis  (p.  106),  the  gradual  rise 
of  Scandinavift  (p.  116),  the  upheaving  of  the  sea-coast  of 
Chili  (p.  112),  and  other  mutations  of  a  like  nature.  As  we 
successively  examined  the  tertiary,  secondary,  and  palaM>zoiQ 
or  primary  formations,  proofs  that  similar  phenomena  had 
taken  place  during  every  geological  epoch  were  equally 
manifest ;  the  geographical  distribution  of  the  foci  of  vol- 
canic action  was  found  to  have  varied,  but  throughout  the 
cycle  of  physical  changes  contemplated  by  G^logy,  the  vol- 
cano and  the  earthquake  appear  to  have  beeu  in  cea8ele89 
activity. 

and  of  Thennal  Springs,  ftc.,*'  will  be  foond  a  full  and  classified  list  of 
3riti8h  and  Cbreign  works  on  the  same  subjects  preTious  to  1848.  Tbe 
first  Tolnme  of  Humboldt's  inimitable  "  Cosmos  '*  has  a  section  deroted 
to  the  subject  of  Volcanic  phenomena,  and  supplies  many  references  to 
Von  Buch,  Arago,  Bischof,  Pr^voet,  Gay  Lussac,  and  other  continental 
authors.  Abich,  Deville,  de  Beaumont,  Dolomieu,  and  Soacchi  ars 
other  European  geologitta  who  have  written  valuable  treatises  on  Volca- 
nos ;  and  Dana  heads  the  list  of  American  volcanists.  Earthquakes  and 
their  associated  phenomena  have  necessarily  been  treated  of  by  many  of 
the  above-named  geologists  $  but  M*  A.  Perrey,  pf  Dijon,  and  Mr.  Malle^ 
of  Dublin,  have  especially  taken  up  the  subject,  in  some  of  its  aspects  { 
the  results  of  the  researches  of  the  latter  will  be  seen  in  the  Reports  of 
the  British  Associatiou ;  the  publications  of  H.  Perrey  way  be  found  in 
the  Memoirs  of  the  Scientific  Societies  of  Paris,  Lyons,  Brussels,  &c.  The 
student  is  particularly  recommended  to  read  the  chapters  on  Volcanic 
Bocks  and  Action,  in  Lyell's  "  Manual  of  Geology,"  5th  edition. 

*  A  concise  view  of  the  efiects  of  high  temperature  and  of  volcanic 
action  on  the  earth's  crust  '^ras  given  in  th?  first  Lecture^  voU  L  p.  103, 
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The  immediate  cause  of  Tolcacic  action  has  been  referred 
bj  some  to  the  operation  of  ksai  produced  hy  chemical  agency, 
such  as  the  combustion  of  sulphureous  or  carbonaceous  sub- 
stances, or  the  combination  of  oxygen  with  the  metallio 
bases  of  cotain  alkalies  and  earths ;  whilst  others  refer  vol- 
canic action  to  the  adual  exuUnee  of  a  verff  high  temperature^ 
with  incandescent  and  molten  mineral  matter,  beneath  the 
crast  of  the  earth.^  The  following  are  the  eyidences  of  the 
existence  of  the  central  heat.  If  ^e  globe  consisted  of  a 
solid  rock,  such  as  granite,  it  is  calculated  that  its  specifio 
gravity  would  be  greater  than  what  astronomers  find  it  to 
be ;  and  it  is  therefore  assumed,  that  the  expansive  power  of 
heat  must  be  present  to  resist  the  compression  arising  from 
gravitation  to  the  centre.  A  constantly  increasing  tempera- 
ture of  the  interior,  according  to  the  distance  beneath  the 
surface  of  the  earth,  is  found  to  exist,  from  observations  in 
mines  and  on  the  waters  of  deep  wells.  The  heat  of  man  j 
mineral  springs,  the  outbursts  of  the  volcanic  rocks  them- 
selves,  and  the  alterations  which  deep-seated  strata  have 
suffered  i^parently  from  the  action  of  heat,  are  also  regarded 
as  direct  eyidenees  of  a  greatly  heated  condition  of  the  earth's 
interior. 

This  high  temperature  of  the  interior,  whatever  may  be 
its  origin,  is  the  germ  not  only  of  earthquakes,  which  are 
the  purely  dynamical  effects  of  volcanic  action,  but  also  of 
the  gradual  elevation  of  continents,  and  of  chains  of  moun^ 
tains  from  extended  fissures;  giving  rise  to  eruptions  of 
lava^  mud«  boiling  water,&c.,— to  thermal  mineral  springs,and 
exhalations  of  steam,  carbonic-acid  gas,  sulphurous  vapours, 
Ac, — and  the  production  of  various  rocks  and  minerals. 
In  the  earlier  ages  of  the  globe  the  phenomena  appear  to 
have  been  of  greater  extent  and  in  a  higher  degree  of  inten 
sity  than  in  modem  times. 

8.   Eabthquakss. — The  tremblings  or  vibrations  of  the 

*  See  p.  34 ;  Cosmos,  toI.  L  p.  152 
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solid  crust  of  the  globe,  denominated  Earthquakes,  are  Ter 
tical,  horizontal,  or  gyratory  oscillations  of  the  land  rapidly 
succeeding  each  other ;  and  are  caused  by  the  expansive 
efforts  of  elastic  fluids  confined  in  subterraneous  cavities. 
The  craters  of  volcanos  are  the  vents  through  which  the  im- 
prisoned gases  and  vapours,  and  the  incandescent  mineral 
matter,  force  their  way  to  the  surface :  they  are,  in  fact,  the 
safety-valves  of  the  vast  reservoirs  of  gaseous  elements  which 
are  contained  in  the  profound  depths  of  the  earth.  Hence, 
if  the  action  of  a  volcano  be  impeded,  earthquakes  are  com- 
monly induced,  and  the  equilibrium  of  the  land  is  not 
restored  until  the  crater  resumes  its  activity,  or  the  impri- 
soned gases  escape  through  other  channels.*  A  column  of 
smoke  which  was  seen  for  some  months  to  rise  from  the  vol- 
cano of  Paste  in  South  America  suddenly  disappeared,  when, 
on  the  4th  of  February,  1797,  the  province  of  Quito,  192 
miles  to  the  southward,  was  visited  by  the  great  earthquake 
of  Eiobamba.t 

The  focus  of  volcanic  action  must  be  at  an  immense  dis- 
tance from  the  earth's  surface,  though  no  rational  conjecture 
can  be  formed  either  of  its  depth  or  of  the  chemical  nature 
of  the  compressed  fluids :  but  the  vast  areas  over  which  the 
undulations  sometimes  extend  are  proofs  of  the  tremendous 
power  of  these  subterranean  forces. 

4.  Earthquake  of  Lisbon. — The  earthquake  of  Lisbon, 
in  1775,  which  suddenly  destroyed  60,000  persons,  was  the 
most  extensively  felt  of  any  on  record.  Its  effects  were 
perceived  over  the  whole  of  Europe,  the  North  of  Africa, 
and  in  the  West  Indies :  and  it  is  computed  that  a  portion 
of  the  earth's  surface  four  times  the  extent  of  Europe  was 
simultaneously  affected.  The  enormous  undulations  of  the 
sea  by  which  it  was  followed,  and  that  swept  along  the 

*  The  explosion  of  a  steam-boiler  from  the  closure  of  the  safety  valve 
is  a  familiar  example  of  this  phenomenon, 
t  Humboldt's  Ckwmos,  vol.  i.  p.  211. 
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coasts  of  Spain,  Portugal,  and  Afirica,  are  supposed  to  have 
arisen  from  the  sudden  upheaval  or  subsidence  of  a  vast  area 
of  the  bed  of  the  Atlantic  Ocean,  beneath  which  the  prin- 
cipal focus  of  the  subterranean  disturbance  appeared  to  be 
situated.  The  effects  of  this  earthquake  were  felt  in  many 
parts  of  England,  Scotland,  and  Ireland,  and  even  as  far  as 
Norwaj :  the  waves  occasioned  by  the  concussion  reached 
our  southern  shores  ;  and  the  waters  of  Loch  Ness,  and  of 
other  inland  lakes  (at  Salzimgen,  for  instance),  were  simul- 
taneously agitated.  Even  the  thermal  springs  of  countries 
remote  from  the  catastrophe  were  affected ;  those  at  Top- 
litz  in  Bohemia,  which  for  centuries  had  flowed  in  a  pure 
and  equal  stream,  suddenly  ceased,  and  then  burst  forth  in 
a  flood  of  turbid  water  of  a  very  high  temperature. 

Humboldt  remarks,  that  it  is  probable  that  the  earth's 
surface  is  always  disturbed  at  some  one  point,  and  that  it  is 
incessantly  affected  by  the  reaction  of  the  interior  against 
the  exterior.  The  permanent  elevation  of  extensive  tracts  by 
earthquakes  sometimes  take  place ;  as  on  the  coast  of  Chili, 
in  1822  (p.  112),  and  in  New  Zealand,  1855 ;  and  they  are 
often  accompanied  with  eruptions  of  inud,  steam,  hot  water, 
carbonic  acid  gas,  and  other  elastic  fluids 

The  present  grand  European  centre  of  volcanic  action  is 
in  Southern  Italy,  which  has  for  ages  been  in  a  state  of 
energy ;  Etna,  Yesuvius,  and  the  Lipari  Isles  being  the  vents 
through  which  the  incandescent  materials  have  escaped. 

6.  The  Phlegilean  Fields  akd  Lipasi  Isles. — The 
Tolcanic  region  of  Naples  consists  of  a  linear  group  of  cones, 
ranging  N.E.  and  S.W.,  and  terminating  at  its  extremities 
by  the  two  principal  mountains,  Ischia  and  Vesuvius ;  the 
latter  seems  to  be  connected  by  the  intervention  of  minor 
rents  with  the  group  of  Albano  and  of  Eome ;  the  seven 
hiUs  of  the  Eternal  City  being  for  the  most  part  volcanic 
mounds.* 

•  Mr.  G.  Poulett  Scrope,  Geol.  Tnns.  2nd  ser.  vol.  ii.  p.  337.   In  the 
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The  dittrict  of  PauuoU  and  Camas*  on  tlie  Bays  of  BaloB  and  Naplot, 
is  called  the  Phlegrean  Fields,  and  in  U  are  sitoated  Monte  Naovo^ 
Monte  Barbaro,  the  Solfatara,  and  the  Temple  of  Serapis.  This  tract 
presents  a  series  of  cones  and  crateriform  basins ;  some  of  which  contain 
lakes,  as  those  of  Avemus  and  the  Lucrine.  These  Tolcanic  mounds  are 
formed  of  felspathic  tuia,  occasjonally  containing  marine  shells  and  oar* 
bonixed  wood,  and  are  coreted  by  beds  of  loose  tofaceous  conglomerate. 
They  are  supposed  by  Mr.  Scrope  to  have  been  produced  by  numeroiw 
submarine  eruptions,  each  from  a  fresh  focus,  on  a  shallow  shore.* 

The  volcanic  cone  termed  the  Solfatara,  so  well  known  ftx>m  its  in- 
cessant emission  of  torrents  of  aqueous  and  sulphurous  rapour,  throui^ 
superficial  fissures,  is  recorded  as  having  been  in  a  state  of  activity  in  tha 
year  A.n,  1180.  Mr.  Scrope  supposes  the  present  crater  to  have  been 
formed  at  that  period;  and  he  attributes  the  constant  emanations  of 
sulphuretted  hydrogen  to  the  effect  of  a  mass  of  lava  still  existing  be- 
neath at  an  intense  temperature.  The  chemical  changes  effected  by  the 
immediate  conversion  of  this  gas  into  sulphuric  acid,  from  combination 
with  the  oxygen  of  the  atmosphere,  and  the  subsequent  action  of  the  acid 
on  the  tufas,  tradiytes,  ^c„  giving  rise  to  sulphates  of  alumina^  iron, 
lime,  magnesia,  soda,  Ac.,  while  the  silex  is  left  nearly  pure  in  the  state 
of  a  white  earthy  powder,  are  in  the  highest  degree  interesting.f 

The  earthqufUces  of  1538,  which  were  followed  by  an  eruption  of  mud, 
pumice-stone,  and  ashes  that  burst  forth  from  a  gulf  near  the  town  of 
Tripergola,  and  formed  the  volcanic  mound  called  Monte  Nuovo,  and  by 
the  permanent  elevation  of  the  coast  to  beyond  Puzxuoli.  were  mentioned 
in  a  former  Lecture  (p,  108).  J 

Quart.  Joum.  Geol.  Soc  vol.  vi.  p.  281,  &c.,  is  a  most  Interesting  paper 
by  Sir  R.  Murchison, "  On  the  Earlier  Volcanic  Rocks  of  the  Papal  States»'* 
referring  to  the  labours  of  Italian  geologists,  and  espeoiaUy  tceating  oi  th« 
tracts  north  of  Rome,— the  travertines,  past  and  preseat,'--the  volcaniQ 
rocks  of  Latium, — and  lastly,  the  probably  subaqueous  origin  of  these 
volcanic  ejectamenta  and  craters,  aud  their  elucidation  of  some  points  in 
the  history  of  "craters  of  elevation." 

*  Scrope  on  Volcanos,  p.  179. 

t  Geol.  Trans.  2nd  ser.  vol.  ii.  p.  345*  Bee  also  ftbore,  vol.  u  p.  7^ 
and  Sir  H.  Davy's  remarks  on  the  Lake  of  the  Solfatftra,  Appendix  ip 
vol.  i.  p.  463. 

{  A  letter  on  the  formation  of  Monte  Nuovo,  by  an  eye-witness,  is  stiU 
extant:  a  translation  of  it,  by  Mr.  Leonard  Homer,  is  published  in  the 
Quarterly  Journal  of  the  Geological  Society  of  London,  vol  iii.  part  % 
Miscell.,  p.  19, 
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Tke  Lipari  Idas,  b«tireen  Naples  and  Sicily,  lying,  ss  it  were,  mid- 
way between  Vesanos  and  Etna,  present  a  character  very  analogous  to 
the  district  above  described.  The  crater  of  one  of  the  islands,  Strom- 
bdi,  has  been  in  constant  actirity  from  the  earliest  historical  period. 
It  always  oontains  melted  lava  in  constant  motion,  and  at  uncertain  ii^ 
tenrals  the  molten  mass  suddenly  riies,  and  large  bubbles  appear,  which, 
npoB  reaching  to  the  brim  of  the  crater,  explode  with  a  sound  resembling 
thonder,  and  maaserf  of  lara,  with  dust  and  smoke,  are  thrown  into  the 
air ;  the  incandescent  fluid  then  sinks  down  to  ita  (brmer  level.* 

The  cliffs  of  St.  Calogero,  which  are  about  two  hundred  feet  high, 
and  extend  four  or  five  miles  along  the  coast,  consist  of  horizontal  bedf 
of  volcanic  toff.  From  the  perennial  emanation  of  sulphurous  vapours, 
ihm  rocks  are  deeomposed ;  alum,  gypeum,  and  other  sulphiuic  salte  are 
formed,  sa  well  as  muriate  of  ammonia  and  silky  crystals  of  boraci^ 
acid.  The  dark  days  have  become  yellow,  white,  red,  pink,  &c.,  and 
marked  with  stripes  of  various  coloun,  from  the  gaseous  emanations  that 
are  eonsCantly  issuing  from  beneath :  these  mottled  clays  strikingly  re* 
•emble  in  appearance  the  variegated  strata  of  the  Trias  (p.  544).  Veins 
of  chalcedony  and  opal  occur,  nod  pumice-stone  and  obsidian  are  abund- 
ant. Dykes  and  veins  of  trachyte  intersect  the  tulT  in  every  direction 
{Li^.  197,  JSff,  1),  like  the  intrusions  of  trap  in  the  ancient  sedimentary 
formations. 

6.  IscHiA  Am)  Vesuyius. — ^The  celebrated  mountaiii  of 
YeeuTiaB  ia  about  four  tbouaaud  feet  high,  and  its  crest  is 
now  broken  and  irregular ;  but  wben  Northern  Italy  waa 
first  colonized  by  the  Greeks,  ^  its  cone  was  of  a  regular  form, 
with  a  flattish  summit,  where  the  remains  of  an  ancient 
enter,  nearly  filled  up,  had  left  a  slight  depression,  covered 
in  its  interior  by  wild  yines,  and  with  a  sterile  plain  at  the 
bottom.**  From  the  earliest  period  to  which  tradition  refers, 
to  the  first  omtury  of  the  Christian  era,  this  mountain  was 
in  a  dormant  state,  and  the  neighbouring  isles  of  Ischia  and 
Procida  were  the  theatres  of  constant  explosions  and  earths- 
quakes.  The  early  Greek  colonists  who  attempted  a  settle* 
ment  were  obliged  to  abandon  the  territory,  in  consequence 
of  the  firequency  and  violence  of  the  subterranean  move- 
ments. 

*  Spallansani ;  Scrope  "  On  Volcanos,"  p.  18. 
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Itchia. — But  salraeqaently  to  the  great  outbunt  of  Vesaviiu,  Ischia 
haa  been  almost  entirely  dormant ;  and  it  is  therefore  inferred  that  the 
latter  volcano  was  the  Tent  through  which  the  elastic  fluids  and  incan- 
descent materials  of  the  subterranean  fires  of  Italy  escaped  before  Vesu- 
vius resumed  its  activity.  Ischia  has  numerous  cones ;  the  central  one, 
Epomeo,  is  2600  feet  high,  and  has  traces  of  two  large  craters  on  its 
summit.  This  mountain  appears  to  have  been  submarine  at  its  origin, 
but,  since  its  elevation  above  the  sea,  other  eruptions  hare  burst  out  at 
various  points ;  and  a  lava-stream  that  issued  from  its  base  is  still  arid, 
and  covered  in  parts  with  cinders  and  scoris.  The  materials  erupted  by 
the  cones  of  Ischia  are,  for  the  most  part,  trachytes  or  felspathic  laras. 

Ventviut. — In  the  year  63  of  the  Christian  era,  Vesuvius  exhibited  the 
first  symptom  of  internal  change,  in  an  earthquake  which  occasioned 
considerable  damage  to  many  neighbouring  cities,  and  of  whose  effects 
traces  may  yet  be  witnessed  among  the  interesting  memorials  of  the 
awful  catastrophe  which  soon  afterwards  took  place.*  Aller  this  event, 
slight  shocks  of  earthquakes  were  frequent,  when  on  the  24th  of  Aiigust, 
in  the  year  79,  a  tremendous  eruption  of  the  long  pent-up  incandescent 
materials  of  the  volcano  burst  forth,  and  spread  destruction  over  the 
surrounding  country,  overwhelming  three  cities,  with  many  of  their  in- 
habitants, and  burying  all  traces  of  their  existence  beneath  immense  ao 
cumulations  of  ashes,  sand,  and  scoriie.  All  the  fearful  circumstances 
connected  with  this  event,  and  the  attendant  physical  phenomena,  are  so 
well  known,  that  it  is  unnecessary  to  dwell  upon  the  subject 

From  that  period  to  the  present  time,  the  internal  fires  of  Italy  have 
resumed  their  ancient  focus,  and  Vesuvius,  with  occasional  periods  of 
tranquillity,  has  been  more  or  less  energetic.f 

7.  Stbtjottibb  of  Volcanic  MoxiNTAiirB. — ^As  the  present 
active  yolcanos  for  the  most  part  emit  streams  of  lava, 
showers  of  ashes,  cinders,  and  scoriae,  and  floods  of  mud  or 
tuff,  their  cones  consist  of  erupted  materials  disposed  more 
or  less  concentrically ;  and  where  sections  are  exposed,  the 
beds  have  what  is  called  a  qud-qud-versal  dip ;  that  is,  they 
regularly  incline  on  every  side  of  the  mountain.  These  are 
termed  Craters  of  Eruption  ;  they  consist  of  successive  strata 

*  Daubeny  on  Volcanos,  2nd  edit.  p.  220. 

f  For  a  sketch  of  the  history  of  Vesuvius,  see  Scrope,  QuarL  Joum. 
Geol.  Soc.vol.  xii.  p.  337. 
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of  yolcanic  matter  poured  out  from  a  fissure  or  vent,  com- 
municating with  the  deep-seated  focus  of  igneous  action. 

The  central  crater  of  another  ckss  of  volcanic  mountains 
is  formed  of  preexisting  horizontal  rocks  and  strata,  that 
have  been  forced  into  highly  inclined  positions  bj  a  sudden 
and  violent  upburst  of  incandescent  mineral  matter,  or  by 
the  expansion  of  elastic  vapours.  A  dome  or  cone  is  thus 
produced,  with  a  central  opening,  around  which  the  uplifted 
strata  are  concentrically  arranged ;  being  covered  to  a  greater 
or  less  extent  by  the  materials  poured  out  by  subsequent 
eruptions.  These  have  been  termed  Craters  of  Elevation^  by 
Yon  Buch.  The  structure  of  such  volcanic  mountains  will 
be  readily  understood  by  referring  to  the  sections  of  the 
Wren's  Nest  (p.  811),  and  of  Crich  Hill,  near  Matlock  (p. 
699),  both  of  which  are  examples  of  originally  horizontal 
strata  elevated  into  a  dome  by  a  protrusion  of  volcanic  matter. 
If  in  either  of  these  instances  the  upheaving  force  had  been 
sufficient  to  propel  the  trap  through  the  middle  of  the  dome, 
a  crater  of  elevation  would  have  been  formed,  through  which 
the  igneous  matter  would  have  escaped.  It  is  by  a  move- 
ment of  this  kind,  as  we  have  already  had  occasion  to  explain, 
that  valleys  of  elevation  have  been  produced  (p.  818). 

From  Mr.  Scrope's  observations*  on  the  structure  of 
Vesuvius  we  obtain  the  following  general  sketch  of  the 
character  of  Vesuvius  and  of  its  older  form,  as  Somma ; 
and  this  will  serve  to  explain  the  formation  of  craters  of 
eruption  :— 

VesuTiiu  ii  an  exceedingly  regular  mountain  on  a  small  scale.  All 
the  Tisible  laTsa,  and  the  greater  part  of  the  conglomerates,  are  basaltic ; 
and,  owing  to  the  great  fluidity  of  laras  of  this  mineral  character,  they 
iiATe,  -when  produced  from  the  common  rent,  taken  their  course  in  spread- 
ing sheets  down  the  outer  slope  of  the  mountain ;  while  the  scoria  and 
Iragmaitary  substances,  projected  at  the  same  time  into  the  air,  were 

•  Geol.  Trans.  2nd  scr.  toI.  ii.  p.  338. 
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■pretd  pretty  erenly  oter  Uiflm ;  so  thai  th«  result  of  suooemTe  erup* 
tions  of  this  kind  has  been  tiie  formttion  of  ft  regularly  conical  mouit- 
tain,  with  »  gradually  diminiahing  slope  on  ull  sidest  from  the  central 
heights  to  the  plain  around ;  exhibiting  in  the  raTinee  that  furrow  its 
sides,  as  well  as  in  the  abrupt  sections  afforded  by  the  walls  of  the  great 
crater,  its  composition  of  repeatedly  alternating  beds  of  basalt  and  basaltic 
conglomerates,  more  or  less  irreguhtf  in  thickneat,  but  dipping  anifomily 
oo  all  sides  away  from  the  tent,  with  an  inciiaatioii  corresponding  exactly 
to  the  external  slopes  of  the  mountain. 

The  eruptions  of  Vesuvius  seem  very  rarely  to  have  taken  place  from 
any  other  than  the  central  vent ;  a  few  small  cones  immediately  abotd 
Torre  del  Greco,  thrown  up  in  1794,  and  the  cone  on  which  the  GamaldoU 
della  Torre  is  built,  arv  the  only  indioations  of  explosions  having  bunt 
from  the  sides  of  tiie  mountain.  The  vaat  number  of  Tertioal  basaltic 
dykes  which  inteisect  the  horizontal  beds  obsenrable  in  the  brdcen  clifiEi 
of  the  old  crater  ( Atrio  del  Oavallo)  bear  witness,  howeyer,  that  the  larm 
was  not  80  frequently  elevated  to  the  summit  of  the  mountain,  without 
occasioning  numberless  cracks  and  rents  in  its  internal  structure.  Thertt 
is  great  reason  to  conclude  that  the  old  crater  of  Somma,  whose  sleep 
walls  now  half  encircle  the  cone  of  Vesuvius,  was  formed  by  the  cete- 
brated  eruption  of  the  year  79,  which  oocasionsd  the  death  of  the  eider 
Pliny,  and  buried  Herculaneum,  Pompeii,  and  Stabise  beneath  a  bed  of 
ashes  and  fragmentary  scoriae,  4tc.,from  thirty  to  one  hundred  feet  in 
thickness. 

8.  YoLOAirio  FiiOBVCTB.*— Before  we  pftSg  to  the  con* 
ftideration  of  the  phenomena  attendant  on  a  volcanic  enip- 
tion,  we  will  examine  some  of  the  principal  minerals  which 
enter  into  the  composition  of  the  lavaa  and  other  aubsfcanoes 
ejected  from  volcanoa. 

Lava  is  a  term  applied  to  any  mineral  matter,  liquefied  by  heat,  that 
has  issued  in  a  stream  or  current  from  a  volcanic  aperture :  when  con- 
tt>lidated  by  cooling,  it  may  consist  either  of  scoriie,  pumice,  obsidian, 
trachyte,  basalt,  &c.,  according  to  its  mineral  composition,  and  its  alow 
or  rapid  refrigeration.  The  greater  or  less  degree  of  pttsssnre  under 
which  the  solidificaUod  either  of  liquid  or  merely  softened  mineral  sttV 
stances  takes  place— as,  for  example,  in  the  open  air,  or  at  the  bottont  of 
the  sea,  or  in  deep-seated  subterranean  cavities — appears  to  be  the  prin- 

•  See  LyeU's  «« Manual,"  chap.  28. 
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mfttl  CAiue  of  Uie  diffneBce  between  the  ancient  plutonic  and  tiie  modem 
volcanic  rocks.* 

Among  the  prodncte  of  modem  Tolcanoe  five  of  the  metals  occur ; 
namely,  iron,  copper,  lead,  arsenic,  and  titanium ;  besides  selenium,  boron, 
Ac  The  number  of  simple  minerals  found  in  the  rocks  of  VesuTius  amounts 
to  at  least  400  species ;  and  many  of  them  are  of  great  beauty.  Specular 
iron  is  common  in  the  oarities  of  the  hard  layas.  In  some  of  the  ancient 
Vesuvian  laras  there  are  decided  indications  of  a  concretional  and  pris- 
matic structure,  and  a  tendency  to  divide  into  columns^  like  the  basaltic 
rocks. 

Aqueous  vapours  are  emitted  in  abundance  from  volcanos,  and  often 
from  their  condensation  give  rise  to  copious  springs.  The  gaseous  eman- 
ations &om  the  fiimaroles*  or  lesser  vents>  frequently  contain  chloridee 
of  lead,  iron,  copper,  ammonia,  soda,  Ac* 

The  lofty  volcanic  peaks  which  reach  far  above  the  limits  of  perpetual 
snow,  as  those  of  the  Andes  (Cotopaxi,  which  is  19,070  feet  high),  are 
frequently  the  cause  of  frightfril  inundations  from  the  sudden  melting  of 
the  snow,  occasioned  by  the  evolution  of  heat  during  an  eraption.  Torrents 
of  water,  bearing  along  both  heated  maases  of  scoria  and  blocks  of  icOf 
raah  down  the  sides  of  the  mountains^  and  overwhelm  the  plains  below. 
Water  from  the  melted  snow  is  also  continually  finding  its  way  into  the 
hollowB  and  fissures  of  the  trachytic  rocks,  and  vast  subtemmean  lakes 
are  thus  formed  in  the  interior  of  the  volcanic  mass :  and  when  these  re* 
servoizs  are  burtt  open  by  the  earthquakes  that  precede  eraptions,  water 
•ad  tulsoeons  mud,  not  unfirequently  accompanied  with  swarms  of  fishee 
that  inhabited  the  internal  pools,  are  ejected  with  great  violence. 

The  chief  constituents  of  lavss  are  the  substances  termed  f*iapar  and 
mtgiie,  and  the  lavas  are  classed  according  as  either  of  these  ingredients 
pvedomtnates.  When  the  felspar  prevails,  the  mass  is  called  TVocAyfs, 
vliidi  is  generally  of  a  coarse  grain,  with  a  harshness  of  texture,  and  a 
ooosiderable  degree  of  porosity;  when  the  grain  is  fine  and  compact* 
but  irregular,  it  constitutes  TVaekif  tie  porphyry  i  when  the  particles  ars 
so  fiised  as  to  have  a  resinous  or  glassy  texture,  it  forms  Pitohttons  and 
Obmdimn,  If  auffUe  constitute  a  large  proportion  of  a  rock,  it  is  termed 
BmoU  ;  DoUriU  is  another  rock  of  the  same  dassi 

The  lavas  ejected  from  Vesuvius  present  considerable  variety  of  ap* 
peazanceand  composition:  they  occur  m  the  state  of  pumice-stone,—^ 
Tssieular  sooria»,  that  is,  cinders  full  of  hollow  cells,'— and  compact  heavy 
masses  of  molten  rock,  which  are  sometimes  spotted  internally  with  red, 
yellow,  and  grey.  Mica  occurs  plentifully  in  some  recent  trachytes,  but 
crystallized  quartz  and  hornblende,  so  abundant  in  granite,  are  extremely 

•  Humboldt. 
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rare.  Pumice  is  supposed  to  be  produced  by  a  considerable  disengage- 
ment of  vapour  having  taken  place  while  the  lava  was  in  a  plastic,  but 
not  entirely  in  a  fluid  state ;  the  escape  of  the  gaseous  matter  giving  rise 
to  the  porous  structure  of  this  mineral.  Dolomieu  observes,  that  one 
kind  of  pumice  seems  U>  be  derived  from  the  fusion  of  granite,  since  it 
contains  fragments  of  quartz,  mica,  and  felspar,  and  that,  when  such 
fragments  were  exposed  to  heat,  they  were  converted  into  a  substance 
resembling  the  surrounding  pumice. 

9.  Laya-cubbents,  Dykes,  lsd  Yeiits.* — Ab  the  aspect 
and  nature  of  lava-currents  will  be  easily  comprehended  bj 
the  descriptions  of  volcanic  eruptions  which  I  shall  presently 
place  before  you,  it  will  suffice  to  mention  in  this  place,  that 
the  appearance  of  lava  in  motion  is  that  of  a  sluggish  viscid 
stream  loaded  with  red-hot  cinders,  ashes,  and  detached  frag- 
ments of  rocks,  rolling  one  over  the  other,  and  producing  a 
loud  crackling  noise. 

Captain  Basil  Hall  aptly  compares  the  movements  of  a  lava-current  to 
that  of  a  glacier  : — "  They  are  both,"  he  observes,  "  more  or  less,  firosen 
or  half-congealed  rivers ;  they  both  obey  the  law  of  gravitation  with  great 
reluctance,  being  essentially  so  sluggish,  that,  although  they  move  along 
the  bottoms  of  valleys  with  a  force  well-nigh  irresistible,  yet  their  motion 
is  sometimes  scarcely  perceptible.  Both  glaciers  and  lava-streams,  by 
occasionally  acting  the  part  of  huge  dams  across  valleys  and  ravines,  cause 
immense  accumulations  of  water ;  it  is  true  these  barriers  are  more  fragile 
in  the  case  of  glaciers,  and  the  consequences  are  therefore  the  more  de- 
structive." f 

The  effects  produced  by  lava-currents,  and  their  rate  of  progress,  de- 
pend of  course  on  their  degree  of  incandescence  and  fluidity.  When  the 
molten  mass  first  issues,  it  appears  like  a  stream  of  fire,  but  the  surface 
quickly  acquires  a  rough  scum,  or  crust,  which  soon  thickens,  and  is 
broken  into  angular  pieces  by  the  onward  motion  of  the  fluid  beneath. 
In  this  condition  it  appears  like  melted  iron  or  copper ;  and,  if  a  stick  be 
thrust  in,  large  semifluid  masses  adhere,  and  may  be  removed  ;  and  coins 
or  other  articles  may  be  plunged  in,  and  will  remain  permanently  imbed- 
ded when  the  lava  cools.  X 

Lava-currents  from  Vesuvius  have  flowed  a  mile  and  a  half  in  fourteen 

*  See  Lyell's  "  Manual,"  chapter  29,  for  details  and  illustrations, 
t  "Patchwork,"  by  Captain  Basil  Hall,  vol.  iu.  p.  153. 
X  Persons  visiting  Vesuvius  generally  bring  away  such  mementos  of 
their  ascent  to  its  crater. 
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minota ;  others  hare  reachacl  the  tea  in  three  honra  from  tho  rammit 
of  the  mounuin,  a  distance  of  3200  yards.  The  stream  which  destroyed 
Catania,  in  1669,  was  fourteen  miles  long  and  five  wide.  In  Etna,  cur- 
rents hare  been  tracsd  forty  miles  in  length ;  and  a  stream  that  issued 
from  Mount  Hecla,  in  Iceland,  is  computed  at  ninety-four  miles  in 
length,  and  fiity  in  its  greatest  breadth ;  and  its  depth,  where  there  were 
obMacles  to  its  progress,  was  in  some  places  soTeral  hundred  feet. 

Lava-currents  retain  a  high  temperature  for  a  long  period ;  some  have 
been  obserred  to  flow  slowly  ten  years  after  their  eruption.  A  mass  of 
laTa  on  the  flanks  of  Vesuvius  ignited  wood  thrust  into  it  four  years 
after  its  motion  had  ceased. 

The  cooled  lavas  and  other  mineral  products  which  form  the  great 
mass  of  a  volcanic  mountain  are  rent  and  torn  by  the  earthquakes  which 
generally  precede  every  fresh  eruption;  and  these  fissures  and  chasms 
become  filled  by  subsequent  injections  of  molten  rock.  In  this  manner 
dykes  and  veins  are  formed  in  the  trachytic  and  scoriaceous  masses  of 
Vesuvius,  Etna,  and  other  active  volcanos  {Lign.  198),  resembling  on  a 
small  scale  the  intrusive  trap-dykes  in  the  ancient  strata,  of  which  we 
have  already  noticed  many  examples. 


1  ;■ 

LJOK.  IM.— Dvn  Aia>  vxncs  ni  Lava. 

PIf ,  1.  Veto*  aad  dyke*  «r  ■la««T  l«^ ««  polemic  twir;  Btronbott. 
—     S.  lATft-dykM  la  tcotte  aad  Mod;  BIba. 

The  loose  sand,  scoris,  and  ashes  which  have  been  either  waited  by 
the  winds  and  fallen  into  the  sea,  or  washed  down  by  torrents  on  the 
plams,  become  agglutinated  together  and  form  an  earthy  conglomeraie, 
which  is  termed  voleanie  tuff.  This  substance  is  frequently  traversed 
by  veins  and  dykes  of  lava,  thrown  up  by  subsequent  eruptions.  It  ofien 
happens  that  the  beds  thus  permeated,  being  formed  of  materials  that 
readily  decompose,  are  partially  or  wholly  worn  away,  while  the  durable 
intruded  dykes  remain,  and  stand  out  in  relief,  sometimes  forming  vertical 

3  t 
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walls  or  buttre«es,  of  great  thicknesB  and  extent ;  of  which  the  celebrated 
Val  del  Bore,  of  Etna,  to  be  noticed  in  the  aequel,  affordB  some  of  the 
most  remarkable  examples. 

10.  Eeuptiokb  OF  Vesuttob. — ^In  the  early  periods  of 
activity,  violent  gaseous  explosions,  with  showers  of  scon®, 
ashes,  and  sand,  characterized  the  eruptions  of  Yesuvius  ;  * 
but  since  the  existence  of  the  present  crater  lava-currents 
have  generally  been  ejected.  The  appearance  of  an  ordi- 
nary eruption,  seen  by  night,  has  been  thus  picturesquely 
described  by  a  traveller : — 

"  It  was  about  half-past  ten  when  we  reached  the  foot 
of  the  craters,  which  were  both  tremendously  agitated ;  the 
great  vent  threw  up  immense  columns  of  fire,  mingled  with 
the  blackest  smoke  and  sand.  Each  explosion  was  preceded 
by  a  bellowing  noise,  like  thunder,  in  the  interior  of  the 
mountain.  The  smaller  vent  was  the  most  active ;  and  the 
explosions  followed  each  other  so  rapidly  that  we  could 
not  count  three  seconds  between  them.  The  stones  which 
were  emitted  were  fourteen  seconds  in  faUing  back  to  the 
crater;  consequently,  there  were  always  the  discharge  of 
five  or  six  explosions — sometimes  more  than  twenty — ^in 
the  air  at  once.  These  stones  were  thrown  up  perpendicu- 
larly, in  the  shape  of  a  wide-spreading  sheaf^  producing  the 
most  magnificent  effect  imaginable.  The  smallest  stones 
appeared  to  be  of  the  size  of  cannon-balls ;  the  greater  were 
like  bomb-shells  ;  but  others  were  pieces  of  rock,  five  or  six 
cubic  feet  in  size,  and  some  of  the  most  enormous  dimensions : 
the  latter  generally  fell  on  the  ridge  of  the  crater,  and  rolled 
down  its  sides,  splitting  into  fragments  as  they  struck  against 
the  hard  and  cutting  masses  of  cold  lava.  The  smoke  emitted 
by  the  smaller  cone  was  white,  and  its  appearance  incon- 
ceivably grand  and  beautiful ;  but  the  other  crater,  though 

*  The  craters  of  Auvergne,  (vol.  i.  p.  272),  that  exhibit  no  traces  of 
lara-currents,  are  also  supposed  to  have  been  produced  by  explosions. 
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less  active,  was  much  more  terrible ;  and  the  thick  blackness 
of  its  gigantic  volumes  of  smoke  partly  concealed  the  fire 
which  it  vomited.  Both  vents  occasionally  burst  forth  at  the 
same  instant,  and  with  the  most  tremendous  fury,  the  ejected 
stones  intermingling  in  the  air. 

"If  any  person  could  accurately  fancy  the  effect  of 
500,000  sky-rockets  darting  up  at  once  to  a  height  of  three 
or  four  thousand  feet,  and  then  falling  back  in  the  shape  of 
red-bot  balls,  shells,  and  large  rocks  of  fire,  he  might  have 
an  idea  of  a  single  explosion  of  this  burning  mountain  ;  but 
it  is  doubtful  .whether  any  imagination  can  conceive  the 
effect  of  one  hundred  of  such  explosions  in  the  space  of  five 
minutes,  or  of  twelve  hundred  or  more  in  the  course  of  an 
hour,  as  we  saw  them !  Yet  this  was  only  a  part  of  the  sub- 
lime spectacle  before  us. 

"On  emerging  from  the  darkness,  occasioned  by  the 
smaller  crater  being  hidden  by  the  large  one,  as  we  passed 
round  to  the  other  side  of  the  mountain,  we  found  the  whole 
Boene  illuminated  by  the  river  of  lava,  which  gushed  out  of 
the  valley  formed  by  the  craters  and  the  hill  on  which  we 
now  stood.  The  fiery  current  was  narrow  at  its  source, 
apparently  not  more  than  a  few  feet  in  breadth ;  but  it 
quickly  widened,  and  soon  divided  into  two  streams,  one  of 
which  was  at  least  forty  feet  wide,  and  the  other  somewhat 
less :  between  them  was  a  sort  of  island,  below  which  they 
reunited  into  one  broad  river,  that  was  at  length  lost  sight 
of  in  the  deep  windings  and  ravines  of  the  mountain.'*  * 

In  an  eruption  witnessed  by  Sir  W.  Hamilton,  jets  of 
liquid  lava,  mingled  with  stones  and  scoris,  were  thrown  up 
to  a  height  of  ten  thousand  feet. 

The  streams  of  lava,  which  issue  with  great  velocity,  are 
in  a  state  of  perfect  fusion ;  but  as  they  cool  on  the  surface, 
they  crack,  and  the  matter  becomes  vesicular  or  porous ;  nt 
a  considerable  distance  from  their  source,  they  resemble  a 

*  From  the  Satnrday  Magazine. 
3  I  2 
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heap  of  8Cori»,  or  cinders,  from  an  iron-foundiy,  rolling  slowly 
along,  and  falling,  with  a  rattling  noise,  one  over  the  other. 

The  eruptionB  of  VeauTios,  its  cones  and  enters,  and  the  still  older 
and  partly  encircling  crater  of  Somma,  haTe  afforded  continuous  and  im- 
portant lessons  to  geologists  as  to  the  mode  of  action  and  nature  of  toI- 
canic  forces.  In  1856,  Mr.  Poulett  Scrope  read  before  the  Geological  So- 
ciety a  rery  interesting  and  instructiTe  r6sum6  of  lus  Tiews  on  the  mode 
of  production  of  Tolcanic  craters,  and  on  the  nature  of  the  liquidity  of 
lavas,  mainly  illustrated  by  the  Vesuvian  phenomena,  and  originally  ad- 
vanced in  his  work  on  Volcanos  in  1824.  In  the  Memoir  referred  to, 
the  first  point  insisted  on  is  the  formation  of  all  Tolcanic  cones  and 
craters  by  the  simple  process  obsenred  in  habitually  active  volcanos, 
namely,  the  eruptive  ejection  of  lavas  and  fragmentary  matter  from 
a  volcanic  vent;  the  accumulation  of  which  around  it  cannot  £ul  to 
give  rise  to  the  cone-shaped  mountain  so  characteristic  of  a  volcano,  and 
to  the  crater  usually  contained  in  it.  The  author  showed,  by  the  history 
of  Vesuvius,  that  the  cone  of  that  mountain  has,  within  the  last  hundred 
years,  been  at  least  five  several  times  emptied  by  explosions  of  a  paroxysm- 
al character,  and  as  often  refilled  by  the  products  of  subsequent  minor 
eruptions ;  while  throughout  this  time  the  exterior  of  the  cone  has  been 
gradually  increasing  in  bulk,  and  the  old  crater  of  Somma  as  gradually 
being  filled  up,  by  accretions  from  the  volcanic  matter  ejected  beyond 
the  lip  of  the  Vesuvian  crater.  He  refuses  to  believe  that  any  other  pro- 
cess originally  formed  the  outer  cone  and  crater  of  Somma,  than  that 
which  he  and  others  have  seen  to  be  continually  augmenting  the  inner 
cone  of  Vesuvius,  and  which  before  his  eyes  in  1822  scooped  out  of  its 
heart  a  crater  concentric  to  that  of  Somma,  three  miles  in  circumference, 
and  some  2000  feet  in  depth.  And  generally  of  other  great  craters,  an- 
cient or  modern,  such  as  Palma,  Santorini,  the  Val  del  Bove,  ftc.,  be 
considers,  that  no  argument  in  favour  of  their  having  any  other  tihan  a 
similarly  "  eruptive  '*  origin  can  be  derived  from  the  fiict  of  their  di- 
mensions exceeding  those  of  the  crater  of  Vesuvius.  The  authentic 
accounts  of  enormous  quantities  of  ejected  pumioe»  scorie,  or  ashes 
thrown  out  by  many  eruptions  from  Polynesian  or  American  volcanoa, 
reaching  to  distances  of  above  a  thousand  miles,  and  of  course  spreading 
over  the  whole  intermediate  space,  to  a  thickness  sometimes  of  10  or  12 
feet  at  more  than  twenty-five  miles  from  the  volcano,  would  amply 
account  for  the  dispersion,  by  explosive  eruptions,  of  the  contents  of  the 
largest  craters  ever  observed. 

At  the  same  time  the  author  guards  himself  from  being  supposed  to 
hare  ever  denied  that  some  amount  of  elevation  has  taken  place  in  the 
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extemal  cone  of  a  rolcano  through  the  occasional  injection  of  lara  from 
within  into  rents  broken  across  its  framework,  and  hardened  into  dykes, 
which  may  be  called  a  process  of  gradual  distension.  This,  in  fact,  was 
suggested  by  him  in  1824.  All  he  contends  against  is  the  theory  of 
Ton  Buch,  that  volcanic  mountains  are  the  result  of  the  elevation  of 
nearly  horizontal  beds  of  lava  and  conglomerates  by  some  sudden  ex- 
psnaion.  He  maintains,  on  the  contrary,  that  the  growth  of  a  Tolcano 
by  accretion,  through  eruptive  ejections  on  the  exterior,  and  partial 
distenaion  from  within,  is  a  gradual,  though  intermittent,  normal  process, 
which  may  be  watched  almost  like  the  growth  of  a  tree. 

The  author  next  referred  to  the  opinion  published  by  him  in  1824, 
that  the  liquidity  of  the  stony  and  crystalline  lavas  (excluding  the  ritreous 
varieties)  at  the  time  of  their  protrusion  is  owing,  not  to  complete 
fosiom,  but  to  the  entanglement  between  their  component  granular  or 
crystalline  particles  of  some  fluid,  chiefly  water,  at  an  intense  heat,  of 
course,  but  unraporized  by  reason  of  the  extreme  pressure  to  which  they 
are  anbjected  while  beneath  the  earth,  and  escaping  in  vast  bubbles  of 
steam,  when,  by  the  opening  of  a  fisnure  of  escape,  its  discharge  is  per- 
mitted, and  also  by  a  kind  of  exudation  through  the  pores  and  crerices 
of  the  expelled  lavas  as  they  cool. 

The  author  originally  extended  this  theory  of  the  combination  of 
aqueous  with  igneous  agency  in  lavas  to  all  the  crystalline  plutonic  rocks, 
which  he  considered  to  be  derived  from  a  mass  existing  beneath  the  crust 
of  the  globe  under  the  above  circumstances,  in  a  state  of  extreme  tension, 
such  as  on  the  occurrence  of  any  sufficient  local  relaxation  of  the  re- 
stiaining  pressure  from  above,  or  increase  of  temperature  from  within, 
must  occasion  its  partial  intumescence,  and  the  consequent  fracture  and 
elevation  of  the  overlying  rocks,  with  or  without  extravasations  of  the 
intiunesoent  crystalline  matter  through  rents,  in  the  form  either  of  vol- 
canic eruptions,  or  the  protrusion  of  the  granitoidal  axes  of  mountain- 


These  ideas  on  the  character  of  the  liquidity  of  lavas  and  the  hy- 
pogene  crysulline  rocks,  promulgated  by  the  author  in  1824—1826,  were 
oonaideied  unchemical  at  that  time,  and  little  regarded.  They  have, 
however,  of  late  been  reproduced  by  M.  Scheerer  of  Christiania,  and 
adopted  by  M.  Elie  de  Beaumont,  and  have  received  much  confirm- 
ation from  recent  researches  into  the  conduct  of  water  under  pressure 
at  hi|^  temperatures,  its  power  of  taking  sUex  into  solution,  &c. 

The  author  further  asks  the  attention  of  geologists  to  the  ideas  de- 
veloped by  him  in  the  same  early  work,  and  founded  on  actual  and 
earful  observations,  as  to  the  change  of  position  occasioned  in  the 
oomponent  crystals  of  a  matter  moving  in  the  pasty  state  here  attri- 
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bated  to  Utu  and  other  plutonic  locks,  during  their  emiision  or  ele< 
ration  under  extreme  pressure.  He  produced  examples  from  the  rib- 
boned trachytes  and  pearlstones  of  Italy,  Hongary,  and  Mexico.  He 
considers  gneiss  to  be  granite  elongated  by  a  powerful  lateral  squeeze, 
probably  at  the  time  of  its  expulsion ;  and  mica-sdust  to  be  the  extreme 
result  of  the  same  action  upon  the  lateral  bands  or  seWages  of  the  ex- 
truded mass  or  great  dyke.  This  he  thinks  a  more  probable  origin 
than  the  usual  metamorphic  theory  of  the  melting  and  reconsolidation 
of  sedimentary  strata,  though  the  one  does  not  wholly  exclude  the  other. 
At  all  events  he  considers  the  eridence  presented  in  the  peculiarities  of 
texture,  structure,  and  position  of  the  laminated  crystalline  rocks  to  be 
conclusive  as  to  their  having  been  squeezed,  flattened,  and  drawn  out  in 
the  direction  of  their  upcast,  and  attributes  this  process  to  the  same 
elevatory  movements  which  have  thrust  them  up,  and  often  forced  them 
into  wrinkled  foldings  on  the  grandest  as  well  as  on  the  most  minute 
scale.  To  this  same  reiirrangement  of  their  crystalline  plates  or  flakes 
under  pressure  he  attributes  also  their  lamellar  cleavage.  He  refers  to 
Mr.  Sorby's  recent  papers  and  experiments  on  slaty  cleavage  as  con- 
firming these  views.  The  paper  ends  by  recommending  the  more  earnest 
study  of  the  dynamics  of  geology,  which  have  in  thiff  country  been  perhaps 
of  late  years  somewhat  neglected. 

11.  HsBOVLAVETTM  ASH  PoMPsn. — We  have  above  de- 
scribed the  phenomena  attendant  on  the  modem  paroxysma 
of  YesuviuB:  but  this  celebrated  moimtfdn  is  invested 
with  surpassing  interest,  from  the  wonderful  preaerva* 
tion  of  the  cities,  which  were  overwhekned  bj  its  furst- 
recorded  eruption,  in  the  seventy-ninth  jear  of  the  Chris- 
tian era. 

In  the  words  of  an  eloquent  writer,  ''After  nearly  seven- 
teen centuries  had  rolled  away,  the  city  of  Pompeii  was 
disinterred  from  its  silent  tomb,— «11  vivid  with  undimmed 
hues, — its  walls  fresh,  as  if  painted  yesterday, — not  a  tint 
faded  on  the  rich  mosaic  of  its  floors, — in  its  Forum  the 
half-finished  columns,  as  left  by  the  workman's  hand, — ^befoie 
the  trees  in  its  gardens  the  sacrificial  tripod, — in  its  halla 
the  chest  of  treasure, — ^in  its  baths  the  strigil, — ^in  its  theatres 
the  counter  of  admission, — in  its  saloons  the  fumittire  and 
the  lamp, — in  its  triclinia  the  frugments  of  the  last  feast, — 
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in  its  cubicula  the  perfumefl  and  the  rouge  of  faded  beautj, 
— and  eyerjTwhere,  the  skeletons  of  those  who  once  moved 
the  springs  of  that  minute  yet  gorgeous  machine  of  luxury 
and  of  life."* 

From  the  description  of  the  catastrophe  by  an  eye-witness, 
it  appears  that  this  outburst  of  Vesuvius  was  marked  by  a 
terrific  eruption  of  ashes  and  scori®,  which,  borne  upwards 
by  vapours,  rose  in  an  immense  column,  and  is  described  by 
the  younger  Pliny,  in  his  letter  to  Tacitus,  as  resembling  a 
lofty  pine  spreading  out  at  its  summit  into  wide  shadowing 
branches :  t  and  then  followed  total  darkness,  occasioned 
by  the  descent  of  this  overwhelming  doud  of  volcanic  matter, 
which  completed  the  destruction  of  the  devoted  cities,  and 
buried  Herculaneum,  Pompeii,  and  Stabio  beneath  an  ac- 
cumulation of  ashes,  cinders,  and  scoris,  to  a  depth  of  from 
sixty  to  one  hundred  and  twenty  feet. 

No  traces  have  been  perceived  of  lava-currents  or  of 
melted  matter ;  the  various  utensils  and  works  of  art,  as 
you  may  observe  in  the  Pompeiian  lamps,  vases,  beads,  and 

*  Sir  E.  Bulwer  Lytton's  **  Last  Days  of  PompeiL" 
t  ThA  elder  Pliny,  who,  at  the  time  of  this  outburst  of  VeiuTius,  held 
the  command  of  the  Roman  fleet,  stationed  at  Misenum— a  cape  or  head- 
land about  twice  the  distance  westward  from  the  volcano  as  the  city  of 
Naples, — ^in  his  anxiety  to  obtain  a  nearer  view  of  the  phenomenon,  feU 
a  victim  to  the  sulphurous  vapours  :  and  his  nephew,  the  younger  Pliny, 
who  remained  with  the  fleet  at  Misenum,  has  left  a  graphic  description 
of  the  awful  scene  in  his  letters  to  Tacitus.  He  states,  that  a  dense 
colamn  of  rapour  was  first  seen  arising  vertically  from  Vesuvius,  and 
which  spread  itself  out  laterally,  so  as  to  resemble  the  head  and  trunk 
of  the  Italian  pine-tree.  This  black  cloud  was  occasionally  pierced  by 
flashes  of  fire  as  rivid  as  lightning,  and  the  whole  atmosphere  sud 
denly  became  darker  than  night  The  eruption  burst  forth  with  such 
amasing  force,  that  ashes  fell  even  upon  the  ships  at  Misenum,  and  in 
•ach  quantities  as  to  cause  a  shoal  in  one  part  of  the  neighbouring 
•ea.  In  the  mean  time,  the  ground  rocked  terribly ;  and  the  sea  re 
ceded  so  iar  from  the  shore,  that  many  marine  animals  were  left  ex- 
poeed  on  the  dry  sand. 
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inBtrumentB  in  tlie  British  Museum,  exhibit  no  appearance 
of  haying  been  exposed  to  the  action  of  fire.  Even  the  deli- 
cate papyri  appear  to  have  sustained  more  injury  from  the 
effects  of  moisture  and  exposure  to  the  air,  than  from  heat ; 
for  they  contain  matter  soluble  in  naphtha,  and  are  in  fact 


Hon.  iM^Txxw  or  YssimuB,  Looxiiro  ovke  thx  wlaui  akd  citt  op  pompkii. 

Hu  ilt«  of  FompHi  Is  muked  by  the  long  liac  of  «m)Muikintiita  in  the  mlddl*  distance,  fonaed 
bj  the  ashes  thrown  ont  of  the  ezcaTations.    Tlie  Klrer  8mrmu  la  seen  on  the  left. 

flirvm  Sir  W.  €HW»  Pomtpeiama.) 

peat  in  which  bituminization  has  commenced.*  In  Pompeii, 
the  sand  and  stones  are  loose  and  unconsolidated ;  but  in 
Herculaneum,  the  houses  and  works  of  art  are  imbedded  in 
solid  tuff^  which  must  have  originated  either  from  a  torrent 
of  mud,  or  from  ashes  moistened  by  water.  Hence  statues 
are  found  unchanged,  although  surrounded  by  hard  tuff, 
bearing  the  impressions  of  the  minutest  lines.  The  beams 
of  the  hoiises  have  undergone  but  little  alteration,  except  that 
they  are  invested  with  a  black  crust.  Linen  and  fishing- 
nets,  loaves  of  bread  with  the  impress  of  the  baker^s  name ; 
*  Dr.  Macculloch. 
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eren  fruita,  as  walnuts,  almonds,  and  chestnuts,  are  still 
distinctlj  recognisable.  The  remarkable  preservation,  for 
nearljtwo  thousand  years,  of  whole  cities,  with  their  houses, 
fomiture,  and  the  most  perishable  substances,  imbedded  in 
▼olcanic  matter,  may  be  compared  to  those  geological  events 
hy  which  the  forests  of  an  earlier  world,  and  the  remains  of 
the  colossal  dragon-forms  which  inhabited  the  ancient  lands 
and  waters,  have  been  accumulated  beneath  the  deposits  of 
innumerable  ages. 

12.  CoKSSBTATn-B  IFFECTS  OF  Laya-cubbekts. — ^Al- 
though no  vestiges  of  animals  or  plants  are  likely  to  be 
found  in  volcanic  products  that  have  been  in  an  incandescent 
state,  yet  so  slow  is  the  conducting  power  of  many  earths, 
that  beds  of  shells  and  vegetable  remains  may  be  overflowed 
by  streams  of  molten  lava  without  injury,  if  protected  by 
even  a  thin  covering  of  sand  or  other  non-conducting  mi^ 
terial.  In  like  manner  the  ancient  basaltic  lavas  have 
burst  through  and  overwhelmed  sedimentary  strata,  and  yet 
the  most  delicate  animal  and  vegetable  substances  remain 
uninjured ;  transmuted,  indeed,  into  stone,  but  still  retain- 
ing their  original  structure.  Thus,  in  the  eocene  (?)  beds 
of  Glarus,  although  the  rock  has  been  converted  into  slate 
by  intense  heat,  yet  the  fishes  remain  (p.  366)  ;  the  strata 
of  Monte  Bolca,  though  capped  with  basalt,  yet  swarm  with 
ichthyolites  (p.  269)  ;  the  fiery  currents  of  Auvergne  have 
flowed  over  the  lacustrine  limestones,  and  still  vestiges  of 
insects,  serpents,  and  quadrupeds  are  preserved  (p.  277) ; 
the  tertiary  forests  of  the  Andes,  which  grew  on  beds  of 
lava,  now  lie  buried  beneath  subsequent  volcanic  eruptions 
of  prodigious  thickness  (p.  289) ;  and  bones  either  of  the 
Dodo  or  of  the  Solitaire  are  found  imbedded  in  sandstone 
covered  by  lava  of  recent  origin  (p.  130). 

A  very  remarkable  circumstance  is  mentioned  by  Sir.  C. 
Lyell, — ^the  preservation  of  a  bed  of  ice,  beneath  a  stream  of 
incandescent  lava.     The  intense  heat  experienced  in  the 
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south  of  Europe  during  the  summer  and  autumn  of  1828 
caused  the  usual  supplies  of  ioe  entirely  to  fail.  Great 
distress  was  consequently  felt  from  the  want  of  a  commodity 
regarded  in  those  countries  rather  as  an  article  of  necessity 
than  of  luxury.  Etna  was,  therefore,  carefully  explored,  in 
the  hope  of  discovering  some  crevice  or  natural  grotto  on 
the  mountain  where  drifted  snow  was  still  preserved.  Nor 
was  the  search  unsuccessful ;  for  a  small  mass  of  perennial 
ice  at  the  foot  of  the  highest  cone  was  found  to  be  part  of 
a  large  continuous  glacier  covered  by  a  sheet  of  lava.  The 
ice  was  quarried,  and  the  superposition  of  the  lava  ascer- 
tained to  continue  for  several  hundred  yards ;  unfortunately, 
the  ice  was  so  extremely  hard,  and  the  removal  of  it  so  ex- 
pensive, that  there  is  no  probability  of  the  operations  being 
renewed.*  Sir  C.  Lyell  explains  this  apparently  para- 
doxical fact  by  supposing  that  a  deep  mass  of  drift-snow  was 
covered  by  a  layer  of  volcanic  sand,  which  is  an  extremely 
bad  conducter  of  heat ;  and  thus  the  subsequent  liquid  lava 
might  have  flowed  over  the  whole  without  affecting  the  ice 
beneath,  which  at  such  a  height  (ten  thousand  feet  above 
the  level  of  the  sea)  would  endure  as  long  as  the  snows  of 
Mont  Blanc,  unless  melted  by  volcanic  heat  from  below. 

13.  Oboakio  Eemains  iw  Lava. — The  silicious  shields 
or  frustules  of  Infusoria  are  often  found  as  a  component  part 
of  volcanic  ash  and  tuff,  both  of  ancient  and  modem  origin,! 
and  were  probably  derived  from  the  subterranean  pools  or 
lakes  ;  as  in  the  case  of  the  showers  of  fishes  which  occa- 
sionally descend  during  a  volcanic  eruption.^     Infusorial 

•  PriDciplei  of  Geology,  vol.  ii.  pp.  124—126,  9th  edit.  p.  412. 

sf  Prof.  Ehrenberg  has  published  several  noticses  of  this  phenomenon 
in  the  Journal  and  Transactions  of  the  Berlin  Academy  of  Sciences ;  and 
complete  illustrations  are  given  in  his  magnificent "  Mikrogeologie/'  ful. 
1855. 

t  Humboldt's  Cosmos,  toI.  i.  p.  230.  A  putrid  fever  which  prevailed 
in  1691,  in  Ibarra,  north  of  Quito,  was  ascribed  to  the  decomposition  of 
the  quantity  of  dead  fish  ejected  from  the  volcano  of  Imbaburu. 
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remains  are  not  uncommon  in  the  Tolcanic  dust  that  fidls  on 
Teasels,  often  hundreds  of  miles  from  land.  An  ancient  bed 
of  tuff  in  Oregon  is  full  of  infusorial  remains.* 

In  the  tuff  of  Yesuyius,  I  have  seen  the  impressions  of 
dicotyledonous  leaves ;  and  charred  wood  is  occasionallj  met 
with  in  the  scon®  of  Herculaneum. 

A  curious  circumstance  occasionallj  results  from  the  in- 
vasion of  a  grove  or  forest  hj  a  stream  of  lava.  The  trunks 
of  the  trees,  at  their  base,  become  enveloped  bj  the  molten 
mass,  but  the  upper  part  and  the  branches  are  set  on  fire, 
and  bum  down  to  the  surface  of  the  lava.  The  trunks  sur- 
rounded by  the  lava  are  only  charred,  and  if,  as  often  hap- 
pens, this  carbonaceous  matter  is  afterwards  washed  away,  or 
otherwise  removed,  hollow  cylindrical  tubes,  having  their 
rides  marked  with  the  imprint  of  the  bark  of  the  trunks,  re- 
main in  the  solid  rock.  Such  moulds  are  not  uncommon  in 
the  Isle  of  Bourbon,  in  those  lava-currents  that  have  extend- 
ed their  ravages  through  the  palm-forests. 

A  remarkable  fact,  arising  from  a  similar  caiise,  is  men- 
tioned by  Count  Strzelecki,  as  having  come  under  his  notice 
in  the  valley  of  the  Derwent  in  Van  Diemen's  Land. 
Opalized  coniferous  wood  is  abundant,  and  in  some  parts  the 
truncated  stumps  are  imbedded  in  porous  and  scoriaceous 
basalt  and  trachytic  conglomerate ;  and  in  many  instances 
the  basalt  contains  hollows,  which  are  the  moulds  of  trees 
that  have  been  consumed.  It  appears  that  the  stems  which 
had  been  silicified  withstood  the  intensity  of  the  incan- 
descent lava ;  while  other  trees,  placed  in  circumstances  un- 
favourable to  their  previous  petrifaction,  were  charred,  but 
not  destroyed ;  for,  having  been  either  green,  or  saturated 
with  water,  they  resisted  the  progress  of  combustion,  so  as 
to  leave  by  their  subsequent  decomposition  cylindrical  up- 
right cavities  in  the  basalti6  scori»,'with  impressions  similar 
to  the  rugged  bark  of  a  carbonized  tree.  Into  some  of  these 
•  Dr.  BaUey. 
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hollows  a  second  eruption  of  lava  has  formed  casts  of  the 
consumed  trunks  in  basalt.* 

14.  Mount  EnrA. — ^This  yolcanic  cone,  which  is  situated 
in  the  Island  of  Sicilj,  and  is  entirely  composed  of  erupted 
mineral  substances,  rises  majesticallj  to  the  height  of  up- 
wards of  two  miles  (or  10,872  feet),  the  circumference  of 
its  base  exceeding  180  miles :  on  a  clear  day  it  maj  be  dis- 
tinctly seen  from  Malta,  a  distance  of  150  miles.  Compared 
with  this  prodigious  mass  of  igneous  products,  Yesuyius 
sinks  into  insignificance ;  for,  while  the  lava-streams  of  the 
latter  do  not  exceed  seven  miles,  those  of  Etna  are  often 
from  fifteen  to  thirty  miles  in  length,  and  five  miles  in 
breadth,  and  from  fifty  to  one  hundred  feet  in  thickness.f 
The  surface  of  Etna  presents  three  distinct  regions :  around 
the  base  for  an  extent  of  twelve  miles,  the  country  is  richly 
cultivated,  and  abounds  in  vineyards  and  pastures,  and  is 
the  site  of  many  towns,  monasteries,  and  villages.  The 
middle  or  temperate  zone  above,  is  covered  with  forests  of 
oak  and  chestnut,  and  a  luxuriant  vegetation  reaches  to 
within  a  mile  of  the  summit.  Above  this  all  is  sterility  and 
desolation,  and  the  highest  point  of  the  mountain  is  covered 
with  eternal  snow.  The  crater  is  about  a  quarter  of  a  mile 
in  height,  and  three  quarters  of  a  mile  in  circumference, 
and  is  situated  in  the  centre  of  a  gently  inclined  plain,  three 
miles  in  diameter.  From  the  crater  a  column  of  vapour 
constantly  issues,  emanating  from  the  mass  of  incandescent 
mineral  matter  which  fills  up  the  interior,  and  may  be  seen, 
in  a  state  of  ebullition,  in  the  fumaroles  or  chasms  in  some 
of  the  lateral  crevices,  of  which  there  are  generally  several 
accessible. 

Etna  is  recorded  as  having  been  in  a  state  of  activity  be- 
fore the  Trojan  war ;  and  ever  since,  at  varying  intervals, 
violent  eruptions  have  occurred.    In  an  eruption  in  1669, 

*  Physical  Description  of  New  South  Wales, 
t  Dr.  Daubecy  on  Volcanoa. 
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the  torrent  of  lava  inundated  a  space  of  fourteen  miles  in 
length,  and  four  in  breadth;  burying  beneath  it  5000 
Tillas  and  other  habitations,  with  part  of  the  eitj  of  Catania^ 
and  at  length  falling  into  the  sea :  during  several  months 
before  the  lava  burst  out,  the  old  mouth,  or  great  crater,  was 
obsenred  to  send  forth  more  smoke  and  flame  than  usual, 
and  the  top  fell  in ;  so  that  the  cone  became  much  lowered. 

In  1809,  twelve  new  craters  opened,  about  half-way  down 
the  mountain,  and  threw  out  rivers  of  burning  lava,  by  which 
several  estates  and  farms  were  covered  to  the  depth  of 
thirty  or  forty  feet :  and  in  1811,  other  vents  appeared  on 
the  eastern  side,  and  discharged  torrents  of  liquid  lava  with 
amazing  force. 

In  1832,  a  violent  paroxysm  took  place,  and  continued 
with  but  little  intermission  for  several  weeks.  ''On  the 
3l8t  of  October,  in  the  middle  of  the  night,  there  arose, 
without  any  previous  indication,  a  column  of  smoke  and 
flame  from  the  base  of  the  large  cone,  on  the  northern  side ; 
and,  shortly  after,  an  immense  quantity  of  fluid  matter  was 
discharged  &om  the  crater,  on  the  western  side,  and  divided 
into  numerous  streams.  Next  morning,  repeated  earthquakes, 
the  increased  noise  of  the  lava,  which  now  flowed  rapidly, 
and  the  immense  volumes  of  thick  black  smoke  at  the  foot 
of  Monte  Scavo,  announced  that  the  eruption  had  greatly 
increased  in  violence,  and  several  streams  of  lava  were  seen 
descending.  On  the  2nd  of  November,  contrary  to  all  ex- 
pectation, the  eruption  ceased,  and  the  lava  was  found  to  be 
■o  flu*  cooled,  that  several  adventurous  observers  were 
enabled  to  get  upon  it,  and  walk  a  few  paces.  On  the  3rd, 
the  hope  that  the  fire  was  almost  extinct  was  nearly  certain ; 
but,  in  the  evening,  a  violent  earthquake,  followed  by  several 
smaller  ones,  with  a  fresh  quantity  of  smoke,  foretold  a  fresh 
eruption ;  and  two  hours  before  midnight,  another  severe 
shock  occurred,  and  was  succeeded  by  black  smoke  mingled 
with  flames,  and  incessant  thunder. 
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"  Having  approached,"  Bays  Signor  di  Luca,  ^'  as  nearly  as 
was  prudent  to  the  hollow  from  which  the  fire  issued,  we 
found  four  apertures,  which  threw  out  burning  matter. 
Baising  our  eyes  from  these  vents,  we  observed  a  clefb  or 
rent,  about  a  mile  in  length,  from  which-  volumes  of  smoke 
arose  from  time  to  time ;  and,  as  at  the  bottom  it  reached 
the  openings  above  mentioned,  it  enabled  us  to  behold  the 
burning  furnace  in  the  interior  of  the  mountain.  Meanwhile, 
the  thunder  was  incessant,  and  the  detonations  were  ter- 
ribl,e ;  the  lava  continued  to  flow ;  and  enormous  masses  of 
red-hot  substances  were  thrown  to  a  great  height,  mingled 
with  vast  volumes  of  flame  and  smoke.  The  shocks  of 
earthquake  were  likewise  so  violent,  that  horses,  and  other 
animals,  fled  in  terror  from  the  places  where  they  were 
feeding." 

16.  The  Val  del  Bote. — ^But  by  far  the  most  interest- 
ing feature  of  Etna  is  an  immense  depression  or  excavation 
on  the  eastern  side  of  the  mountain,  called  the  Val  del  Bote. 
This  vast  plain,  or  rather  circular  hollow,  is  five  miles  in  dia- 
meter, and  from  two  to  three  thousand  feet  in  the  height  of 
its  bounding  precipices,  which  in  most  places  are  nearly 
perpendicular.  This  remarkable  area,  according  to  some 
observers,  has  resulted  from  the  giving  viray  and  subsidence 
of  part  of  the  crust  of  the  volcano,  from  some  violent  action 
in  the  interior,  which  occasioned  the  sudden  removal  of  an 
enormous  mass  of  mineral  matter.*  This  plain  is  encircled 
by  subordinate  volcanic  mountains,  some  of  which  are  co- 

*  Sudden  depressions  of  the  surface  of  the  land  are  not  nnfrequent 
concomitants  of  subterranean  moyements,  and  occasionally  produce  the 
most  frightful  catastrophes.  In  1772,  Papandayang,  one  of  the  largest 
Tolcanos  in  the  Island  of  Jara,  suddenly  sunk  dovrn  with  a  terrific  noise, 
and  an  area  fifteen  miles  long  and  six  wide  was  swallowed  up ;  many 
hundred  persons  and  forty  Tillages  were  destroyed,  being  either  ingulfed 
with  the  sunken  mass,  or  orerwhelmed  by  the  volcanic  matter  that 
issued  forth,  and  spread  over  the  surrounding  country  to  a  considerable 
distance.    The  original  mountain  was  diminished  4000  feet  in  height. 
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▼ered  bj  lorests,  while  others  are  bare  and  arid,  like  manj 
of  the  cones  of  Auvergne.  The  walls  or  cliffs  surrounding 
this  depression  are  formed  of  successive  layers  of  lava  of 
variable  thickness,  with  interposed  beds  of  tuff,  ashes,  and 
igneous  conglomerates  of  different  colours  and  degrees  of 
fineness.  They  slope  downwards  towards  the  sea  at  an 
angle  of  from  twenty  to  thirty  degrees,  and  have  evidently 
been  formed  at  various  intervals  by  successive  eruptions 
from  the  top  of  the  mountain,  and  were  continuous  before 
the  subsidence  took  place  which  gave  this  region  its  present 
character. 

Mr.  Scrope,*  however,  argues  that  the  evidence  advanced 
for  this  view  of  the  case  is  not  conclusive,  and  that  the  whole 
of  the  wanting  mass  of  materials  in  this  hollow  on  the  side 
of  Etna  may  have  been  blown  away,  just  as  "  entire  moun- 
tains, of  a  magnitude  far  exceeding  that  of  Vesuvius  and 
Somma  itself,*'  have  been  blown  into  the  air  by  eruptive 
yiolence. 

The  perpendicular  sides  of  this  natural  amphitheatre  are 
everywhere  marked  by  vertical  walls  or  dykes,  which  not 
only  intersect  the  concentric  sheets  of  lava  and  tuff,  but 
standing  out  in  bold  relief,  like  prodigious  buttresses,  impart 
a  most  extraordinary  character  to  the  scene ;  the  greater  in- 
duration of  these  intruded  dykes  having  enabled  them  to 
resist  the  denuding  action  which  has  removed  the  less  co- 
herent preexisting  erupted  materials .f  These  buttresses 
are  from  two  to  twenty  feet  in  thickness,  and,  being  of  im- 
mense height,  are  extremely  picturesque  ;  some  of  them  are 
composed  of  trachyte,  and  others  of  blue  compact  basalt 
with  olivine.  The  surface  of  the  plain  is  wild  and  desolate 
in  the  extreme,  presenting  the  appearance  of  a  tempestuous 
sea  of  liquid  lava,  suddenly  congealed.  Innumerable  cur- 
rente  of  lava  are  seen  piled  one  upon  the  other ;  some  of 
which  terminate  abruptly,  while  others  have  extended  across 

*  Qnart.  Joom.  Geol.  Soc.  vol.  xii.  p.  330.      f  See  aboTe,  p.  8o2. 
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the  Val,  and  descended  in  cascades  into  the  lower  fertile 
regions,  where  thej  are  spread  out  in  sterile  tracts  amid  the 
yinejards  and  orange-groyes.* 

The  varied  and  picturesque  scenery  of  Etna,  the  pheno- 
mena  of  volcanic  action  which  are  there  so  strikinglj  ex- 
hibited, as  well  as  those  which  have  taken  place  in  periods 
long  antecedent  to  human  history  and  tradition,  but  of 
which  the  natural  records  remain,  are  described  by  Sir 
G.  Lyell  with  that  vigour  and  fidelity  which  characterize  all 
the  productions  of  his  pen ;  and  his  works  should  be  con- 
sulted by  those  who  desire  fully  to  comprehend  the  nature 
of  some  of  the  most  interesting  physical  changes  which  are 
in  progress  on  the  surface  of  our  planet.f 

16.  Volcano  of  Kilauba.— Of  the  existing  volcanoa, 
those  of  Kilauea  and  Mauna  Loa,  in  Hawaii,]:  exhibit  vol- 
canic action  in  its  most  sublime  and  imposing  aspect.  The 
island  of  Hawaii,  which  is  about  seventy  mOos  long,  and 
covers  an  area  of  4000  square  miles,  is  a  complete  mass  of 
volcanic  matter,  perforated  by  innumerable  craters.  It  is  in 
fact  a  hollow  cone,  rising  to  an  altitude  of  16,000  feet,  hav* 
ing  numerous  vents  over  a  vast  incandescent  mass,  which 
doubtless  extends  beneath  the  bed  of  the  ocean ;  the  island 
forming  a  pyramidal  funnel  from  the  fiimace  beneath,  to  the 
atmosphere.  Mauna  Loa  {great  or  long  mountain)  is  the 
apex,  and  bears  an  enormous  crater.  Indeed  Kilauea,  or 
Kirauea,  is  but  a  lateral  crater  to  Mauna  Loa.  The  follow- 
ing account  of  a  visit  to  the  latter  crater,  by  Mr.  Ellis, 
afibrds  a  striking  picture  of  the  splendid  but  aidul  spectacle 
which  this  volcano  at  the  time  presented. 

•  See  Captain  Basil  Hall's  interesting  description  of  a  visit  to  the  Yal 
del  Bora,  "  Patchwork/'  vol.  iii.  p.  31. 

t  "  Principles  of  Geology,"  chap,  zzri  See  also  Daubeny's  "  Vol- 
canos,"  2nd  edit  chap.  15. 

X  Hawaii,  one  of  the  Sandwich  Islands^  is  well  known,  under  the  name 
of  Owhyhee,  as  the  scene  of  the  murder  of  CapUin  Cook. 
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"  After  traveUing  over  eztensiTe  plains  and  cKmbing  nigged  steeps, 
all  bearing  testimony  of  igneous  origin,  the  crater  of  Kilauea  suddenly 
bozst  upon  our  Tiew.  We  found  ourselves  on  the  edge  of  a  steep  pre- 
cipice, with  a  vast  plain  before  us,  fifteen  or  sixteen  miles  in  circum- 
ference, and  sunk  from  two  hundred  to  four  hundred  feet  below  itn 


lauM.  300.— Tiut  ToucAKO  or  KiLAVXA  in  Hawaii. 
(Trwm  MttitTt  P»l|niM<«n  MntarthtJ 

original  level.  The  surface  of  this  plain  was  uneven,  and  strewed  over 
with  large  stones  and  volcanic  rocks ;  and  in  the  centre  of  it  was  the 
great  crater,  at  the  distance  of  a  mile  and  a  half  from  the  precipice  on 
which  we  were  standing.  We  proceeded  to  the  northern  end  of  the 
ridge,  where,  the  sides  being  less  steep,  a  descent  to  the  plain  below 
aeemed  practicable ;  but  it  required  the  greatest  caution,  as  the  stones 
and  fragments  of  rock  frequently  gave  way  under  our  feet,  and  rolled 
down  from  above.  The  steep  which  we  had  descended  was  formed  of 
volcanic  matter,  apparently  of  light-red  and  grey  vesicular  lava,  lying  in 
horizontal  beds,  varying  in  thickness  from  one  to  forty  feet.  In  a  few 
places  the  different  masses  were  rent  in  perpendicular  and  oblique  di- 
rections, from  top  to  bottom,  either  by  earthquakes,  or  by  other  violent 
convulsions  of  the  ground.  After  walking  some  distance  over  the 
plain,  which  in  several  places  sounded  hollow  beneath  our  feet,  we 
came   to  the  edge  of  the  great  crater.     Before  us  yawned  an  im- 

3  K 
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mense  galf  in  the  form  of  «  crescent,  about  two  milea  in  length  from 
north-eaat  to  south-west,  one  mile  in  width,  and  800  feet  deep.  The 
bottom  was  covered  with  lava,  and  the  south-west  and  northern  parts 
were  one  rast  flood  of  burning  matter.  Fifty-one  conical  islands  of 
varied  form  and  siie,  containing  as  many  craters,  rose  either  round  the 
edge  or  from  the  surface  of  the  burning  lake.  Twenty-two  constantly 
emitted  either  columns  of  grey  smoke  or  pyramids  of  brilliant  flame :  and 
at  the  same  time  vomited  from  their  ignited  mouths  streams  of  lava, 
which  rolled  in  blazing  torrents  down  their  black  indented  sides  into  the 
boiling  mass  below  (see  Lign.  200).  The  existence  of  these  conical 
craters  led  us  to  conclude,  that  the  boiling  cauldron  of  lava  did  not  form 
the  focus  of  the  volcano,  but  that  this  liquid  mass  was  comparatively 
shallow,  and  that  the  basin  which  contained  it  was  separated  by  a  stra- 
tum, of  solid  matter  from  the  great  volcanic  abyss,  which  constantly 
poured  out  its  melted  contents  through  these  numerous  craters  into  this 
upper  reservoir.  We  were  further  inclined  to  tins  opinion  from  the  vast 
columns  of  vapour  continually  ascending  from  the  chasms  in  the  vicinity 
of  the  sulphur-banks  and  pools  of  water ;  for  they  must  have  been  pro- 
duced by  other  fire  than  that  which  caused  the  ebullition  in  the  lava  at 
the  bottom  of  the  great  crater;  and  also  by  noticing  a  number  .of  small 
vents  in  vigorous  action  high  up  the  sides  of  the  great  ^pill^  and  apparently 
quite  detached  from  it.  The  streams  of  lava  which  they^miued,  rolled 
Uown  into  the  lake,  and  mingled  with  the  melted  mass^  which,  though 
thrown  up  by  difierent  apertures,  had  perhaps  been  originally  fused  in 
one  vast  furnace.  The  sides  of  the  gulf  before  us,  although  composed  of 
different  beds  of  ancient  lava,  were  perpendicular  for  about  400  feet,  and 
rose  from  a  wide  horizontal  ledge  of  solid  black  lava,  of  irregular  width, 
but  extending  completely  round.  Beneath  this  ledge  the  sides  sloped 
gradually  towards  the  burning  lake,  which  was,  as  nearly  as  we  could 
judge,  three  or  four  hundred  feet  lower.  It  was  evident  that  the  large 
crater  had  been  recently  filled  with  liquid  lava  up  to  this  ledge,  and  had, 
by  some  subterranean  channel,  emptied  itself  into  the  sea,  or  upon  the 
low  land  on  the  shore ;  and  in  all  probability,  this  evacuation  had  caused 
the  inundation  of  the  Kapapala  coast,  which  took  place,  as  we  aAerwanh 
learned,  about  three  weeks  prior  to  our  visit  The  grey  and  in  some 
places  apparently  calcined  sides  of  the  great  crater  before  us — the  fissures 
which  intersected  the  surface  of  the  plain  on  which  we  were  standing — 
the  long  banks  of  sulphur  on  the  opposite  sides  of  the  abyss— the  vigor- 
ous action  of  the  numerous  small  craters  on  its  borders — the  dense  co- 
lumns of  vapour  and  smoke  that  rose  out  of  it,  at  the  north  and  south 
ends  of  the  plain,  together  with  the  ridge  of  steep  rocks  by  which  it  was 
surrounded,  rising  three  or  four  hundred  feet  in  perpendicular  heigfatr^ 
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praseDted  an  imnenie   Yolcanic  panorama,  tha  effect  of  which  was 
greatly  augmented  by  the  constant  roaring  of  the  vast  furnaces  below."* 

17.  Mb.  Stiwabt'b  visit  to  Kilaitba. — In  June,  1825, 
Mr.  Stewart,  accompanied  bj  Lord  Bjron  and  a  party  from 
the  Blonde  frigate,  went  to  Kilauea,  and  descended  to  the 
bottom  of  the  crater. 

"  The  general  aspect  of  the  crater,*'  observes  Mr.  Stewart, 
"  may  be  compared  to  that  which  the  Otsego  Lake  would 
present,  if  the  ice  with  which  it  is  covered  in  winter  were 
saddenlj  broken  up  bj  a  heavy  storm,  and  as  suddenly 
frozen  again,  while  large  slabs  and  blocks  were  still  top* 
pling,  and  dashing,  and  heaping  against  each  other,  with 
the  motion  of  the  waves.  At  midnight  the  volcano  sud- 
denly began  roaring  and  labouring  with  redoubled  activity, 
and  the  confusion  of  noises  was  prodigiously  great.  The 
sounds  were  not  fixed  or  confined  to  one  place,  but  rolled 
from  one  end  of  the  crater  to  the  other ;  sometimes  seeming 
to  be  immediately  under  us,  when  a  sensible  tremor  of  the 
ground  on  which  we  lay  took  place ;  and  then  again  rush- 
ing on  to  the  farthest  end  with  incalculable  velocity.  Almost 
at  the  same  instant  a  dense  column  of  heavy  black  smoke 
was  seen  rising  from  the  crater  directly  in  front,  the  sub- 
terranean struggle  ceased,  and,  imme^tely  after,  fiames 
burvt  frt)m  a  large  cone,  near  which  we  had  been  in  the 
morning,  and  which  then  appeared  to  have  been  long  in- 
active. Bed-hot  stones,  cinders,  and  ashes  were  also  pro- 
pelled to  a  great  height  with  immense  violence ;  and,  shortly 
after,  the  molten  lava  came  boiling  up,  and  fiowed  down  the 
sides  of  the  cone  and  over  the  surrounding  scoris,  in  most 

*  BUia'a  Polynesian  Researches,  vol.  iv.  See  also  Dana's  account  of 
the  Hawaiian  Volcsnos,  in  his  "  Geology  of  the  United  States  Exploring 
Expedition/'  1849 ;  and  notices  by  Messrs.  Coan,  Weld,  and  others  in  the 
American  Journal  of  Science,  and  the  Journal  Oeol.  Soc.  1856  and 
1857;  also  LyeU's  <*  Msnual,"  p.  491 ;  and  De  la  Beche's  "  Geol.  Ob- 
'  2nd  edit.  p.  333,  Ac. 
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beautiful  curved  streams,  glittering  with  a  brilliazu^  quite 
indescribable.  At  the  same  time,  a  whole  lake  of  fire 
opened  in  a  more  distant  part.  This  could  not  have  been  leas 
than  two  miles  in  circumference,  and  its  aspect  was  more 
horriblj  sublime  than  anything  I  ever  imagined  to  exist, 
even  in  the  ideal  visions  of  unearthly  things.  Its  surface 
had  all  the  agitation  of  the  ocean ;  billow  after  billow  tossed 
Its  monstrous  bosom  into  the  air;  and  occasionally  those 
from  different  directions  burst  with  such  violence,  as  in  the 
concussion  to  dash  the  fiery  spray  forty  or  fifty  feet  high. 
It  was  at  once  the  most  splendid  and  fearful  of  spectacles.*'* 

The  following  account,  by  M.  Strzelecki,t  of  tlie  Tolcanic  pHenomena 
in  Hawaii  is  so  highly  interesting,  that  I  am  induced  to  insert  it  entire, 
"  The  Tolcano  of  Kirauea  (Kilauea)  lies  on  the  N.W.  side  of  Mauna  Boa 
(Mauna  Loa),  about  twenty  miles  firom  the  summit  of  that  moimtain,  and 
forty  from  the  Bay  of  Hilo ;  its  latitude  is  19®  27 '.  Its  present  size  sur- 
passes  that  of  every  other  known  volcano,  yet  it  now  hardly  displays 
more  than  one-third  of  its  original  magnitude.  Its  crater  must  have  once 
been  twenty-four  miles  in  circumference,  as  evidenced  by  the  still  re- 
maining ruins  of  its  ancient  walls ;  the  highest  point  of  which  is  5054  feet 
above  the  level  of  the  sea.  The  sunken  furnace  of  Kiranea  is  now  re- 
duced to  eight  miles  of  circumference,  the  present  crater  being  4109  feet 
in  height  above  the  sea ;  which  is,  therefore,  at  least  950  feet  below  the 
brim  of  the  ancient  cAter.  The  edge  of  this  precipice  falls  perp«idicu- 
larly  600  feet  lower,  to  the  boiling  surface  of  igneous  matter.  The  de- 
scent to  this  level  is  often  precipitous,  and  winds  among  a  thousand 
openings,  which  vomit  forth  hot  vapours,  from  an  area  thickly  strewed 
with  Ubular  masses  of  smoking  Uva.  Like  the  ice  in  a  blocked-up 
channel,  these  tabular  masses  remain  either  standing  on  end,  or  heaped 
in  horizontal  or  half-raised  beds,  and  gaping  with  fissures  over  fearful 
cavities,  resounding  with  noises  similar  to  those  of  a  stormy  sea.  Six  of 
these  were  in  violent  agitation  while  I  was  exploring  the  crater.  The 
sui&ce  of  the  fiery  matter  in  all  of  them  Kept  at  about  the  same  height, 
and  rose,  sank,  and  was  agitated  simultaneously,  which  seems  to  show 
that  it  belonged  to  one  mass  of  liquid  lava,  filling  the  whole  area  of  the 
interior  of  the  crater,  and  that  these  cavities  are  mere  openings,  and  the 
heaps  of  broken  lava  which  block  up  part  of  the  crater  are  a  temporary 

*  Lord  Byron's  Voyage  in  the  Blonde  frigate,     f  New  South  Wales. 
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onat  or  corenng  orer  the  incandescent  masa  beneath.  The  lava  of 
Kizauea  appean  to  be  similar  to  that  of  Hecla,  which  is  known  under 
the  name  'caYemous;'  and  which,  by  the  intensity  of  its  heat,  and  the 
abundance  of  its  elastic  gases,  produces  here,  as  in  Iceland,  tumefactions, 
varying  from  the  thickness  and  delicacy  of  a  soap-bubble,  to  the  size  of 
eaveros  twenty  or  thirty  feet  wide.  These  caverns,  which  extend  in 
eveiy  direction,  form,  beneath  the  surfiu^  of  the  island,  subterranean 
channela,  though  which  the  overflowing  lava  makea  its  way,  and  are 
often  covered  by  a  hollow  arch,  which  yields  at  once  to  the  tread.  Their 
interior  contains  the  most  interesting  incrustations  of  sublimed  minerals, 
with  crystalline  forms,  the  perfection  of  which  can  hardly  be  appreciated 
without  the  aid  of  a  microscope,  and  so  delicate  as  scarcely  to  bear  the 
breath.  Mounds  of  sulphur,  more  extensive  than  those  of  Solfatara,  are 
deposited  around  the  southern  plane  of  the  crater. 

"  On  the  western  flank  of  the  crater  above  described,'the  appearances 
render  it  probable  that  the  former  surface  of  the  incandescent  matter 
was  300  feet  higher  up  than  it  is  at  present ;  and  that  the  opening  of  the 
crater  of  Mauna  Roa,  which  is  now  8000  feet  above,  diverted  the  course  of 
tlie  intense  subterranean  heat  from  that  of  Kirauea,  or  at  least  diminished 
its  intensity.  It  seems,  also,  that  the  incandescent  matter  of  the  interior 
of  the  crater  became  refrigerated  and  solidified  in  the  mighty  cauldron ; 
and  that  after  a  lapse  of  time  the  base  on  which  it  stood  gave  way,  under 
the  renewed  agency  of  subterranean  heat,  when  the  mass  cracked  and 
slipped.  A  large  mass  of  the  solidified  lava  appears  to  have  fallen  again 
into  the  abyss,  and  been  remolten :  while  a  part  remained  lodged  against 
the  sides  of  the  cauldron,  and  is  now  seen  as  a  rock  two  hundred  feet 
hifl^  oonsiBting  of  basalt,  trachyte,  and  lava  of  several  varieties.  Be- 
tween the  scoriaceous  lava  approaching  to  slag,  which  lies  uppermost,  and 
the  close-grained  basalt  which  forms  the  lowest  portion  of  the  rock,  the 
transition  is  so  gradual,  that  it  is  impossible  to  assign  the  spot  where 
basalt  ceases  and  lava  begins.  The  words,  basalt,  trachyte,  and  lava 
•erve,  therefore,  only  to  distinguish  the  upper  from  the  lower  part  of  a 
stream  of  molten  matter."  ^ 

18.  The  Volcuto  op  Jobitllo. — In  South  America 
Tolcanic  action  haa  been,  and  is  still,  exerted  over  an  im- 
mense extent  of  country ;  and  the  vents  of  the  subterranean 
fires  extend  to  the  loftiest  summits  of  the  Andes. 

In  the  parallel  of  the  citj  of  Mexico  there  are  no  less 
than  five  burning  mountailis — ^Tuxtla,  Orizaba,  Popocatepetl, 
Jomllo,  and  Golima — arranged  as  if  they  originated  in  an 
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immenBe  fissure,  trayersing  the  region  from  east  to  west, 
and  extending  from  sea  to  sea. 

The  elevated  country  which  constitutes  the  province  of 
Quito  is,  as  it  were,  an  arch  or  dome,  spread  over  an  im- 
mense focus  of  volcanic  energy,  of  which  the  channels  of 
commimication  with  the  atmosphere  are  the  burning  moun- 
tains of  Pichincha,  Cotopaxi,  and  Tunguragua.  These,  by 
their  grouping,  as  well  as  by  their  lofty  elevation  and  grand 
outline,  present  the  most  sublime  and  picturesque  aspect 
which  is  anywhere  concentrated  within  so  small  a  space  in 
volcanic  landscape. 


liOK.  Ml  — VOLCAMO  or  JukVLLO,  AXD  IXS  UomXITO*,  MCXIOO. 
(Ainmh^  Bmrm  HmmMit,  mitmt  1800.) 

Eruption  of  JortUlo.Souih  America  has  been  the  theatre, 
in  modem  times,  of  one  of  the  most  extraordinary  revolu- 
tions in  the  annals  of  the  physical  history  of  our  planet,— 
that  which  gave  rise  to  the  burning  mountain  of  Jorullo.* 

*  Baron  Humboldt's  *'  Nouvelle  Espagne ;  "  see  also  his  **  Vues  des 
Cordilldres,"  for  beautiful  illustrations  of  Jorullo  and   its  homitos. 
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In  Mexico  there  is  an  extensiye  plain  called  the  Malpajfs^ 
which  was  covered  by  fields  of  cotton,  sugar-cane,  and 
indigo,  irrigated  by  streams,  and  bounded  by  basaltic  moun- 
tains, the  nearest  active  volcano  being  at  the  distance  of 
eighty  miles.  This  district  is  situated  at  an  elevation  of 
about  2600  feet  above  the  level  of  the  sea,  and  was  cele- 
brated for  its  beauty  and  extreme  fertility.  In  June,  1759, 
alarming  subterranean  sounds  were  heard,  and  these  were 
accompanied  by  frequent  earthquakes,  which  weresucceeded 
by  others  for  several  weeks,  to  the  great  consternation  of 
the  neighbouring  inhabitants.  In  September  tranquillity 
appeared  to  be  reestablished,  when  in  the  night  of  the  28th 
the  subterranean  noise  was  again  heard,  and  part  of  the 
plain  of  the  Malpays,*  from  three  to  four  miles  in  extent, 
rose  up  like  a  mass  of  viscid  fluid,  in  the  shape  of  a  bladder 
or  dome,  to  a  height  of  nearly  1700  feet ;  flames  issued  forth, 
fragments  of  red-hot  stones  were  thrown  to  prodigious 
heights,  and  through  a  thick  cloud  of  ashes,  illumined  by 
volcanic  fire,  the  softened  surface  of  the  earth  was  seen  to 
BweU  up  like  an  agitated  sea.  A  huge  cone,  above  500  feet 
high,  with  five  smaller  conical  mounds,  suddenly  appeared, 
and  thousands  of  lesser  cones  (called  by  the  natives  homitos^ 
or  ovens)  issued  forth  from  the  upraised  plain  {Lign,  201). 
These  consist  of  clay  intermingled  with  decomposed  basalt, 
«ach  cone  being  a  Jumarole,  or  gaseous  vent,  from  which 
issued  thick  vapour.  The  central  cone  of  Jorullo  is  still 
burning,  and  on  one  side  has  thrown  up  an  immense  quan- 
tity of  scorified  and  basaltic  lavas,  containing  fragments  of 
old  crystalline  rocks.  Two  streams,  of  the  temperature  of 
18G°  of  Fahrenheit,  have  since  burst  through  the  argillaceous 


Bohn'B  Edit.  vol.  L  p.  227,  note.     Burckhardt  sUtes,  that 
during  the  twenty-four  yean   subaeqaent  to  Baron  Humboldt's  vtfit 
to  Lunillo,  (he  homitot  had  either  wholly  disappeared  or  cumpletely 
changed  their  form. — BeUen  in  Mexico,  &c. 
*  The  tract  consisted  of  porphyritic  rocks. 
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yault  of  the  homitos,  and  now  flow  into  the  neighbouring 
plains.  For  many  years  after  the  first  eruption,  the  pbiins 
of  JoruIIo  were  uninhabitable  from  the  intense  heat  that 
prevailed. 

19.  SpBMABiKE  YoLOAVOs. — ^Yolcanic  eruptions  take 
place  indiscriminately  either  on  the  land  or  beneath  the 
waters  of  the  ocean.  The  igneous  foci  of  Southern  Italy  are 
certainly  not  confined  to  the  land,  but  extend  beneath  the  bed 
of  the  Mediterranean  ;  and  of  this  the  occasional  appearance 
of  new  shoals  and  islands  affords  conclusiye  evidence.  Livy 
informs  us  that  an  event  of  this  kind,  which  took  place 
about  the  period  of  the  death  of  Hannibal,  together  with 
other  volcanic  phenomena,  so  terrified  the  Boman  people, 
as  to  induce  them  to  decree  a  supplication  to  the  gods,  to 
avert  the  displeasure  of  heaven,  which  these  prodigies  were 
supposed  to  denote.  **  Nuntiatumque  erat  baud  procul  Si- 
cili4  insulam  qu»  nunquam  ante  fuerat  novam  editam  e  mari 
esse." — LivT,  lib.  xxxix.  c.  56. 

In  Iceland,  which  may  be  regarded  as  a  partially  sub- 
marine volcanic  mountain,  with  the  highest  summits  above 
the  waters,  eruptions  are  not  restricted  to  the  area  of  dr}- 
land ;  but  often  burst  out  in  submarine  volcanos  off  the 
coasts.  The  enormous  eruptions  which  issued  from  three 
different  vents  in  the  low  tract  called  Shaptar  Jokul,  in  1783, 
and  poured  out  lava-currents  many  miles  wide,  and  ninety 
long,  was  preceded  by  the  appearance  of  volcanic  cones, 
vomiting  flames  and  vapour,  in  the  neighbouring  sea,  many 
miles  from  the  land.* 

A  highly  interesting  example  of  the  emergence  of  a  sub- 
marine volcano  took  place  in  1831.  A  volcanic  island  sud- 
denly arose  in  the  Mediterranean,  about  thirty  miles  off  the 
S.W.  coast  of  Sicily,  where  previous  soundings  had  ascer- 
tained the  depth  of  the  sea  to  be  600  feet.    It  was  preceded 

*  "  Travels  in  the  Island  of  Iceland,  during  the  Snmmer  of  the  year 
1810."    By  Sir  George  Stewart  Mackenzie,  Baronet,  4to.  1811. 
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by  a  riolent  spoutiog  up  of  steam  and  water,  and  at  length 
a  small  island  gradually  appeared,  having  a  crater  on  its 
summit,  which  ejected  scorisB,  ashes,  and  volumes  of  vapour ; 
the  sea  around  was  covered  with  floating  cinders  and  shoals 
of  dead  fishes.  The  crater  attained  an  elevation  of  nearly 
200  feet,  with  a  circumference  of  about  three  miles,  having 
a  circular  basin  full  of  boiling  water  of  a  dingy  red  colour. 
It  continued  in  activity  for  three  weeks,  and  then  gradually 
disappeared.  The  island  received  various  names  ;  but  it  is 
best  known  by  the  English  name  of  "  Grab  am*  s  Island,"  and 
the  French  one  of  "  Tlsle  Julia."    In  1833,  two  years  after 
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its  destruction,  a  dangerous  reef  remamed,  eleven  feet  under 
the  water ;  in  the  centre  of  which  was  a  black  volcanic  rock 
(probably  the  remains  of  the  solid  lava  ejected  during  the 
eruption),  surrounded  by  shoals  of  scorisB  and  sand.  The 
appearance  of  the  island,  when  visited  by  M.  Constant 
R-^vost,*  is  shown  in  this  sketch  (Li^.  202),  from  a  draw- 
•  See  his  "  Rapport  sur  le  Voyafre  k  I'lle  Julia  en  1831  et  1832." 
Also  Acnalea  des  Sc.  Nat.  1831,  vul.  xxiv.  p.  103. 
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iog  with  which  he  favoured  me.  From  these  facta  it  ia  cer- 
tain that  a  hill,  800  feet  high,  was  here  formed  by  a  sub- 
marine volcanic  vent  in  the  course  of  a  few  weeks.  The 
occurrence  of  shoals  of  dead  fish  will  not  fail  to  remind  you 
of  the  ichthjolites  of  Monte  Bolca  (p.  269)  :  and  there  can 
be  no  doubt  that  vast  numbers  were  ingulfed  in  the  erupted 
mineral  masses  at  the  bottom  of  the  sea;  and  when  this 
ocean-bed  shall  be  elevated  above  the  waters,  and  explored 
bj  some  Agassiz  of  future  times,  the  then  fossil  fish  of  the 
Mediterranean,  imbedded  in  volcanic  tuff,  will  afford  in- 
teresting subjects  for  the  contemplation  of  the  geologist  and 
the  philosopher. 

20.  SviCKAAT  OF  YoLGAKio  PHXKOHEVA. — ^I  have  in- 
dulged in  the  foregoing  long  extracts,  because  the  vivid  pictures 
which  they  present  of  volcanic  action  cannot  fail  to  produce 
a  powerful  impression  on  the  mind,  and  cause  it  to  revert 
to  the  principles  enunciated  in  the  first  Lecture,  which  sug- 
gest the  probability  that  the  earliest  condition  of  the  earth, 
and  of  the  worlds  around  us,  may  have  been  that  of  vapour 
or  fluidity  (p.  48).  Here  we  see  the  most  solid  and  durable 
materials  of  the  globe  reduced  to  a  liquid  state — seas  of 
molten  rocks,  with  their  waves  and  billows,  their  surge  and 
spray,  giving  birth  to  torrents  and  rivers,  which,  when  cooled, 
become  the  hardest  and  most  indestructible  mineral  masses 
on  the  surface  of  our  planet ! 

The  constant  escape  of  aeriform  fluids  from  volcanic 
vents, — the  irresistible  force  which  such  elastic  vapours 
exert  when  pent  up  and  compressed — an  effect  with  which 
our  steam-boats  and  locomotive  engines  have  made  every 
one  familiar, — and  the  immense  production  of  such  gaseous 
elements  which  must  be  taking  place  in  the  interior  of  the 
globe  from  the  igneous  action  which  is  going  on  unremit- 
tingly, afford  a  satisfactory  explanation  of  the  nature  and 
cause  of  earthquakes,*  and  of  those  elevatory  movements  by 

•  See  "Geol.  Obaerrcr,"  2ad  edit  p.  415,&c.;   Daubeny '•  « Vul- 
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which  the  foundationB  of  the  deep  are  broken  np,  and  raised 
into  chains  of  mountains,  thousands  of  feet  above  the  level 
of  the  sea.  The  volcanic  vents  are,  in  fact,  the  safety- 
*  valves  hj  which  the  caloric  and  the  gaseous  fluids  from  the 
interior  of  the  earth  escape  into  the  atmosphere ;  when  these 
channels  become  choked  up,  the  confined  gases  occasion 
earthquakes,  dislocations  of  the  rocks  and  strata,  and  eleva* 
tions  of  the  land,  and  at  length  escape  either  through  the 
former  vents  or  hj  opening  new  channels.  Henee,  in  the 
language  of  Humboldt,  the  volcanic  force  must  be  contem- 
plated as  formaHoe  of  new  rocks ,  and  transformative  of 
those  which  were  preexisting.  •  But  the  volcanic  operations 
now  going  on  are  onlj  a  faintly  reflected  image  of  that  energy 
which  took  place  in  the  earliest  geological  epochs,  under 
very  different  terrestrial  and  atmospheric  conditions.  The 
vast  chasms  and  fissures  which  it  is  probable  existed  in  the 
solid  portions  of  the  earth's  crust  in  the  ancient  periods, 
from  the  contractions  which  must  have  taken  place  before 
refrigeration  had  proceeded  so  &r  as  to  admit  of  accumula- 
tions of  aqueous  sediments  on  the  primary  mineral  masses, 
have  since  been  closed  by  the  protrusion  of  mountain-chains 
through  them,  or  filled  up  by  dykes  of  granite,  porphyry, 
snd  basalt.* 

Aa  the  fragments  of  unmelted  rock,  which  are  occasionally 
thrown  up  from  the  foci  of  volcanos  apparently  of  enormous 
depth,  consist  of  granite,  quartzose  porphyry,  and  the  like, 
some  philosophers  are  of  opinion  that  a  primitive  granitic 
rock  was  the  substratum,  and  is  the  support,  of  the  super- 
imposed sedimentary  and  f ossiliferous  strata. 

inteoBe  heat  and  chemical  changes,  which  evolve  gaseous 
vapours  and  fluids,  are  necessarily  the  immediate  elements 

cuios/'  2nd  edit  p.  507,  &c ;   and  especially  Phillipx't  "  Manual  of 
Geology,  1855,"  p.  560,  for  a  t^sam^  of  the  latett  reaearcheiand  optnioD« 
on  earthquakes  and  their  causes. 
*  Coemoa,  voL  1,  p.  197,  &c. 
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in  volcanic  action ;  and  the  volume  of  gas  and  vapour  is  often 
so  great  as  to  uplift  the  molten  lava,  and  at  lengtii  to  burst 
through  and  escape  in  violent  explosions.  Without  being 
able  to  determine  the  precise  nature  of  the  first  link  in  the 
chain  of  volcanic  action,  we  maj  reasonably  infer  that  the 
plaj  of  electro-chemical  and  electro-magnetic  forces,  which 
must  be  incessantly  going  on  among  the  heterogeneous 
mineral  substances  of  which  the  earth  consists,  is  a  main 
agent  in  producing  the  varied  effects  we  have  been  con- 
templating.* 

Many  ingenious  theories  have  been  proposed  to  account 
for  the  immediate  cause  of  volcanic  action.  Of  these,  the 
oxidation  of  the  metallic  bases  of  certain  earths  and  alkalies 
by  percolations  of  water  into  deep-seated  beds  of  these 
substances,  suggested  by  Sir  Humphrey  Davy,  is  still  power- 
fully  advocated  by  a  high  authority — ^Dr.  Daubeny;  but 
proof  that  such  bases  do  exist  in  a  metallic  state  in  the  in- 
terior of  the  earth  is  required,  before  the  hypothesis,  how- 
ever ingenious,  can  be  admitted  as  a  vera  eau8a,f 

From  the  late  researches  of  Wohler,  Deville,  and  Dau- 
beny, it  appears  that  boron  and  titanium,  and  probably  other 
metals,  such  as  iron,  and  possibly  even  hydrogen,  under 
certain  conditions,  unite  with  gaseous  nitrogen  with  such 
energy  as  to  generate  light  and  heat ;  thus  constituting  a 
genuine  case  of  combustion  in  which  nitrogen,  and  not  oxy- 
gen, acts  as  the  supporter.  The  combination  of  these  sub- 
stances would  thus  furnish,  like  the  oxidation  of  potassium 
and  other  metalloids,  a  direct  cause  of  volcanic  fire ;  and  the 
subsequent  decomposition  of  their  nitrides  might  be  the 

*  The  Tariotts  theories  thai  hare  been  propoeed  to  explain  Tolcanio 
action  are  considered  with  great  candoar  and  perspicuity  by  Sir  H.  de 
la  Beche,  in  his  "  Researches  in  Theoretical  Geology."  See  also  Dau- 
beny, op.  eU.  chapters  38  and  39. 

t  The  phenomena  attendant  on  the  combination  of  oxygen  with  po- 
tassium, sodium,  &c. — the  rapid  and  Tiolent  evolution  of  heat,  light,  and 
expansive  force — must  be  familiar  to  the  intelligent  reader 
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origin  of  the  ammonia  often  eyolved  firom  volcanoB  in  vast 
quantities.* 

Another  hypothetical  cause  of  volcanic  action  has  been 
brought  forward  bj  Mr.  S.  Macadam,t  based  on  the  known 
conditions  of  bodies  in  a  "  spheroidal "  state.  Arguing  from 
the  properties  of  water  in  a  spheroidal  state,  Mr.  Mac- 
adam suggests  that  water,  having  access  to  subterranean 
cavities  connected  with  the  central  nucleus  of  fused  mineral 
matter,  assumes  the  spheroidal  condition,  imtil,  a  large 
quantity  of  water  having  collected  together,  it  takes  suf- 
ficient heat  from  the  metallic  surface  to  destroy  the  equi- 
librium of  repulsion,  and,  touching  the  metallic  basin,  it  is  in 
great  part  suddenly  converted  into  steam, — ^the  mineral  sub- 
stances are  chemically  affected, — and  large  quantities  of  ex- 
plosive vapour  and  gases  soon  acquire  sufficient  force  to  raise 
great  tracts  of  land,  and  to  burst  through  the  surface,  bring- 
ing up  the  fused  matenals  of  volcanos. 

It  is  worthy  of  remark  that  there  are  active  volcanos  both 
in  the  Arctic  and  Antarctic  regions.  Sir  James  Boss  ob- 
aerves  that  "  the  earth's  crust,  as  we  approach  towards  the 
pole  in  the  southern  hemisphere,  presents  the  most  striking 
indications  of  the  vast  subterranean  fires  pent  up  within  it, 
—and,  as  we  now  find,  having  vent  in  both  the  frigid  zones : 
the  volcano  of  Jan  Mayen  actively  burning  within  the  Arctic 
Circle ;  and  Mount  Erebus,  rising  from  the  lofty  mountain 
range  of  the  newly-discovered  continent  of  Victoria,  to  an 
altitude  of  more  than  12,000  feet  above  the  Antarctic  Ocean, 
and  sending  forth  its  smoke  and  flame  to  the  height  of  2000 
feet  above  its  crater,  the  centre  of  volcanic  action  in  those 
regions  of  eternal  suow.'':( 

*  Geol.  Proceed.  January  20,  1858. 

t  In  a  paper  **  On  the  CenUal  Heat  and  Density  of  the  Globe,  as  alao 
tha  Causes  of  Volcanic  Phenomena,"  Report  Brit.  Assoc.  1850,  rep.  sect, 
p.  88. 

t  Sir  J.  C.  Ross's  "  Voyage  to  the  Southern  Seas"  vol.  ii.  p.  412. 
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21.  Htpooine  Eockb.*— We  must  now  enter  upon  a 
more  particular  examination  of  the  Hypogene  (nether-formed) 
or  metamorphic  and  plutonic  rocks ;  t  those  crystalline 
rock-massea  which  OTerywhere  manifest  the  influence  of  in- 
tense heat  under  great  pressure.  It  will  he  conyenient  to 
consider  them  under  two  heads :  viz.  Ist,  the  rocks  which 
present  a  stratified  or  laminated  structure,  as  mica-schist, 
gneiss,  &c. ;  2ndly,  those  which  occur  in  amorphous  masses, 
as  granite,  porphyry,  Ac. ;  including,  in  this  group,  the 
ancient  volcanic  products,  trap-rocks,  hasalt,  Ac.,  a  notice  of 
which  we  found  it  requisite  to  anticipate,  when  investigating 
the  fossiliferous  strata  traversed  by  dykes  of  these  sub- 
stances. 

And  here  it  is  necessary  to  premise,  that  an  acquaintance 
with  the  nature  and  appearance  of  the  minerab  that  are  the 
usual  components  of  crystalline  rocks  is  indispensable  to 
enable  the  reader  to  have  a  dear  conception  of  the  facts 
that  will  come  under  his  notice.  This  knowledge  can  only 
be  acquired  by  the  study  of  specimens;  and  it  would  be  useless 
to  attempt  by  mere  description  to  teach  the  elements  of 
mineralogy.  In  those  Lectures  I  must  assume  either  that  sach 
knowledge  is  possessed  by  my  readers,  or  that  they  will  rest 
satisfied  with  a  general  idea  of  the  leading  phenomena  em- 
braced in  this  division  of  the  subject.^ 

*  See  vol.  i.  p.  206. 

t  For  guide-books  in  the  study  of  the  chancten  and  classification  of 
rocks,  the  reader  is  referred  to  those  by  Macculloch,  Brongniart,  Cordier, 
Gotta,  Erdmann.  Naumann,  SenfU  Dana,  &c. 

X  The  elementary  mineralogical  knowledge  necessary  for  this  purpose 
may  be  acquired  by  the  study  of  a  suite  of  specimens  to  be  obtained  of 
Mr.  Tennant,  149,  Strand,  Professor  of  Mineralogy  in  King's  College. 
If  the  student  can  have  the  advantage  of  a  few  private  lessons  from  Mr. 
Tennant,  or  can  attend  the  lectures  delivered  in  King's  College,  or  those 
by  other  Professors  at  the  London  University  College,  the  School  of 
Mines,  and  other  Institutions,  his  progress  will  be  more  rapid  and  satis- 
factory than  by  any  other  method.  For  the  advanced  student,  the 
"System  of  Mineralogy,"  by  Jamos  D.  Dana  (new  edition),  New 
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Mtethwhitt  and  Oneiu. — The  stratified,  laminated,  or  foli- 
ated metamorphic  *  rocks  consist  of  two  chief  groups.  The 
first,  and  usually  uppermost,  is  JUieehkeJkittf  a  schistose  rock, 
abounding  in  a  mineral  called  mica  (from  its  glittering  ap- 
pearance), and  in  quartZy  a  substance  of  which  rock-crystals 
and  the  semi-transparent  pebbles  common  in  most  beds  of 
shingle  or  beach  are  examples.  These  two  minerals  are  dis- 
posed in  alternate  layers,  forming  lamins  of  greater  or  less 
thickness,  which  are  extremely  contorted  and  undulated. 
Some  of  these  masses,  especially  in  the  upper  portion,  bear  a 
considerable  resemblance  to  the  metamorphic  argillaceous 
schists ;  the  lower  are  of  a  more  quartzose  character,  probably 
from  having  been  subjected  to  a  greater  degree  of  igneous 
action. 

GneUi^  consists  of  laminated  and  contorted  bed-like 
masses  of  quartz,  felspar,  and  mica,  irregularly  alternating ; 
and  may,  in  truth,  be  regarded  as  laminated  granite,  for  the 
same  substances  enter  into  their  composition  as  prevail  in 
the  amorphous  masses  of  that  rock.  Gneiss  is  often  found 
associated  and  alternating  with  mica-schist,  quartz-rock^ 
clay-slate,  and  hard  granular  limestone.  The  whole  series 
of  stratified  metamorphic  beds  may  therefore  be  considered 
as  partaking  of  one  common  mineralogical  character,  and, 
with  the  exception  of  the  calcareous  rocks,  may  have  origin- 
ated from  the  disintegration  and  subsequent  consolidation 
of  more  ancient  crystalline  masses. 

The  stratified  appearance  of  gneiss  and  mica-schist  is 
attributed  by  some  geologists  to  an  arrangement  of  crystals 
of  different  specific  gravities  in  horizontal  planes ;  their 
subsequent  softening  by  heat  admitting  of  the  flexuosities 

York ;  Brooke  and  Miller's  edition  of  Phillips'  Mineralogy ;  Nicol's 
Minermlogy;  and  Mitchell  and  pennant's  Mineralogy  (Orr's  Circle),  will 
be  fomid  among  the  best  works  on  the  subject  in  the  English  language. 

•  The  meumorphic  rocks  are  termed  "hypoxoic"  (or  below  lift) 
rocks  by  Philli|Mi :  see  his  "  Manual,"  chap.  5. 

t  A  German  mining  term. 
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of  these  rocks.  Others  *  believe  that  melted  granite,  upon 
cooling  under  particular  circumstances,  would  assume  a 
stratified  or  ribboned  appearance,  analogous  to  that  of  gneiss ; 
or  might  even  resemble  in  structure  some  aqueous  sediments. 

From  the  researches  of  Mr.  H.  C.  Sorbj  it  is  evident  that, 
whilst  some  mica-schists  are  truly  sedimentary  laminated 
beds,  fDrmed  of  the  debris  of  older  granitic  rocks,  others  are 
altered  rocks,  which  owe  their  foliated  character,  as  in  the 
case  of  cleavabie  slate-rocks  (p.  835),  to  violent  pressure  (and 
perhaps  chemical  changes)  at  periods  subsequent  to  their 
original  formation-f 

There  are  various  substances  associated  with  this  group,  as 
hornblende-schist,  a  black  or  grey  rock,  chlorite-schist,  a 
green  slaty  rock,  and  the  beautiful  mottled  magnesian  rock 
called  Serpentine,  with  steatite ;  the  latter  are  often  con- 
nected with  trap. 

Oranite  (so  named  from  its  granular  structure)  is  the 
foundation  upon  which  all  the  strata  of  which  we  have 
spoken  are  superimposed,  and  the  framework  of  the  earth's 
crust;  rising  to  the  loftiest  heights,  and  stretching  int( 
mountain-chains,  which  mark  the  grand  natural  divisions  of 
the  physical  geography  of  the  globe. 

Although  presenting  great  variety  in  the  proportion  and 
colour  of  its  ingredients,  granite  is  essentially  composed  of 
three  substances,  which  may  be  easily  recognised  in  the 
blocks  of  which  many  of  our  pavements,  bridges,  roads, 

•  Especially  Naumann  and  Scrope ;  "  Considerations  on  Tolcanoa;  " 
Neues  Jahrb.  1847,  p.  297 ;  Qaart.  Journ.  Geol.  Soc.  vol.  it.  part  2, 
Miscell.  p.  1 ;  Und,  vol.  xiL  p.  345 ;  and  above,  p.  856. 

t  Beport  Brit.  Assoc.  1856,  rep.  sect.  p.  78.  In  a  paper  by  Mr.  D. 
Forbes,  "  On  the  Relations  of  the  Silurian  and  Metamorphic  Rocks  of  the 
South  of  Norway,"  in  the  Edmburgh  New.  Phil.  Journ.  new  series, 
January,  1856,  we  hare  an  ingenious  attempt  to  show  that  the  foliated 
rocks  of  much  of  that  district  can  be  hypothetically  related  to  certain  more 
or  less  horizontal  lines,  at  right  angles  to  the  existing  vertical  planes  of 
the  schists,  and  representing  the  lines  of  bedding  prerious  to  the  metamor- 
phic changes  which  have  induced  their  present  vertical  foliation. 
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and  other  works  are  constructed.  These  are  muxt,  known 
by  its  silvery  or  glittering  aspect, — quartz,  by  its  glassy  ap- 
pearance,— and  feUpar,^  which  forms  the  opaque  white, 
pink,  or  yellowish  masses,  oftentimes  seen  in  sections  as 
long  angular  crystals,  which  from  their  size  and  colour  may 
be  readily  detected,  even  by  the  unscientific  observer.  In 
some  species  of  granite,  talc  and  hornblende  occur,  and  the 
mica  is  wanting ;  in  the  former  case  the  rock  is  called  pro- 
togme  ;  in  the  latter  tyenite :  those  masses  which  are  com- 
posed of  crystals  of  felspar  in  a  base  of  compact  felspar  con- 
stitute porphyry. 

M.  Bischof  states  that  it  may  be  demonstrated  mathema- 
tically that  all  the  sedimentary  strata,  and  all  the  substances 
enclosed  in  drusy  cavities,  are  derived  from  the  plutonic 
crystalline  rocks ;  these  have  furnished  the  materials,  and 
water  has  conveyed  the  quartz,  calcareous  spars,  heavy  spars, 
metals,  and  other  substances  which  fill  such  cavities. 

One  of  the  most  important  advances  towards  a  knowledge 
of  the  ezactnature  and  origin  of  granite  has  been  made  by  Mr. 
H.  C.  Sorby,  in  his  memoir, ''  On  some  Peculiarities  in  the 
Microscopical  Structure  of  Ciystals,  applicable  to  the  deter- 
mination of  the  Aqueous  or  Igneous  Origin  of  Minerals  and 
Bocks,*'  read  before  the  Geological  Society  in  December, 
1857.  In  this  paper  many  curious  facts  were  described, 
relating  to  the  minute  cavities  contained  in  nearly  all 
crystals,  and  sometimes  occupied  by  fluid,  sometimes  by 
stony  matter ;  and  it  was  shown  that  many  crystals  must 
have  formed  when  both  melted  rock  and  water  were  present ; 
this  water  being  in  such  an  expanded  state  as  would  indicate 
a  red  heat,  since  some  of  the  "  fluid-cavities  "  in  the  crystals 
serve  as  self-registering  thermometers.  It  turns  out  that 
granite  is  a  rock  that  waa  formed  in  this  way.    It  is  an 

*  KaoliA  or  porcelain-eaith  is  ibrroed  by  the  decomposition  of  alkA- 
ine  felspar.  "  See  M^motre  sur  les  Kaolins  ou  orgiles  i  porcelainc/'  ky 
f .  Alex.  Brongniart ;  ArchiTes  dii  Mus^nin  d^His  .  Nat.  183S  and  1841. 

3  L 
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aqueo-igneous  rock ;  being  reallj  due  to  combined  agency 
of  both  water  and  fire :  and  hence,  observes  Mr.  Sorby, 
have  arisen  the  discussions  as  to  which  it  is — ^Neptunian 
or  Plutonic.  Indeed  Mr.  Sorby  finds  in  some  minerals  eject- 
ed from  volcanos,  and  probably  formed  deep  down  at  their 
base,  conditions  analogous  to  those  which  he  observes  in 
granite  .• 

22.  Mica-schist  and  Gneiss. — These  rocks  are  widely 
spread  over  and  around  the  masses  of  unstratified  plutonic 
rocks.  *They  occur  in  Caernarvon  and  Cumberland,  but  are 
of  inconsiderable  extent  in  England.  In  Scotland  they  ex- 
tend over  great  part  of  the  Highlands,  and  largely  prevail 
in  the  Hebrides ;  they  form  mouDtun-ranges  in  the  north 
of  Ireland,  and  cover  large  areas  in  Londonderry  and 
Donegal. 

The  gneiss  of  the  Northern  Highlands 'is  of  two  distinct 
ages.  There  is  the  old  gneiss  of  Cape  Wrath  and  the  shores 
of  Eosshire,  on  which  rests  the  Cambrian  conglomerates  of 
the  Boss  Mountains  (see  p.  806)  ;  and  the  younger  gneisa- 
ose  rocks  of  the  eastern  part  of  Sutherland,  which  overlie 
the  fossiliferous  limestones  of  Durness,  and  are  altered  strata 
of  Silurian  age.  An  instance  of  secondary  gneiss  resting 
on  lias  occurs  in  Switzerland. 

The  most  striking  features  of  these  rocks  are  the  flexures 
and  contortions  in  which  they  are  so  generally  folded ;  prov- 
ing the  soft  and  ductile  state  in  which  the  component  ma- 
terials must  have  existed ;  for  they  present  every  variety  of 
sinuosity  and  curvature  imaginable. 

The  Isle  of  Lewis  (one  of  the  Hebrides),  so  admirably 
illustrated  by  Dr.  MaccuUoch,  is  remarkable  for  the  contor- 
tions observable  in  its  precipitous  cliffs  of  gneiss,  and  the 
innumerable  granite -veins  with  which  they  are  traversed. 
The  face  of  the  rocky  cliffs  appears  like  veined  marbled 
paper;  and  the  imagination  cafi  scarcely  conceive  an  intri- 

•  See  Appendix  A. 
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cacy  or  interlamination  of  this  nature,  of  which  a  resem- 
blance could  not  be  found  in  the  cliffs  of  Lewis.* 
From  the  decomposition  and  falling:  away  of  the  sur- 
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(From  Dr.  JTMralloeA't  Wuttm  Ittu.j 

rounding  parts  of  the  rocks  near  Oreby,  an  interesting,  per- 
haps solitary,  example  occurs  of  a  bent  and  detached  mass 
of  gneiss,  about  thirty  or  forty  feet  high  (Li^n,  203),  and 
which  forms  a  highly  interesting  and  picturesque  object. 

28.  C0KTOBTIOK8  OF  OBTSTALLiKB  BOCKS. — The  cur- 
yatures  and  flexures  of  rocks  largely  composed  of  quartz  is 
a  subject  of  great  interest  in  another  point  of  view,  because 
it  bears  upon  the  question  as  to  the  solution  and  depositioti 
of  silex ;  a  process  which  appears  to  have  been  going  on  in 
the  crust  of  the  earth  from  the  formation  of  the  most 
ancient  granitic  rocks  to  the  deposits  now  in  progress. 
I  have  before  remarked,  that  the  appearance  of  some  of  the 

•  Western  Isles,  p.  193. 
3  l2 
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silicioufl  infiltrations  in  the  tissues  of  sponges,  ventriculites, 
and  other  zoophytes,  and  even  in  the  intimate  structure  of 
wood,*  when  seen  under  a  highly  magnifying  power,  is  that 
of  a  viscid  fluid,  or  plastic  paste,  pressed  into  the  interstices 
of  the  tissue,  rather  than  that  of  the  percolation  of  a  mineral 
solution,  or  of  a  metamorphism  of  the  organism,  as  in  other 
examples  of  silicified  animal  and  vegetable  structures. 

Experiments  have  shown  that  melted  quartz,  unlike  alu* 
mina,  retains  its  \'iBcidity  for  some  time  when  cooling,  and 
may  be  drawn  out  in  threads  ;t  and  M.  Jobert  states,  that 
in  graphic  granite  he  has  found  the  quartz-crystals  in  the 
midst  of  the  felspar  flattened  and  contorted,  as  if  they  had 
been  strongly  pressed  between  the  felspathic  matter.^ 

These  facts  seem  to  ofler  an  explanation  of  the  flexures 
and  curvatures  in  quartz-rocks  and  gneiss:  and  they  are 
brought  forward  by  Mr.  Darwin,  with  his  usual  acumen,  to 
illustrate  the  origin  of  the  remarkable  duplications,  and  ab- 
ruptly arched  positions,  of  the  stratified  quartz-rocks  in  the 
Falkland  Islands.  Some  of  the  hills,  he  observes,  are  com- 
posed of  quartz-strata  doubled  on  themselves,  with  the  axis- 
plane  thrown  quite  over, — the  quartz  must  therefore  have 

*  As  for  example,  in  some  of  the  foaaU  wood  from  Egypt  and  Australia; 
see  p.  727. 

t  M.  Gaudin,  quoted  by  Mr.  Darwin. 

X  M.  Alexarder  Brongniart  attributes  the  formation  of  all  agates  and 
chalcedonies  to  the  viscous  or  gelatinous  condition  of  the  mineral  matter; 
and  that  of  hyaline  quartz  and  rock-crystal  to  the  perfect  fluidity  of  the 
dissolved  silica.  "  Lorsque  la  silice  a  M  compl&tement  dissoute,  et  par 
consequent  dans  un  ^tat  de  liquidity  parfaite,  elle  a  cristallis^  et  produit 
le  quarz  hyalin.  Mais  lorsqu'elle  6tait  en  consistance  g61atineuse,  elle  a 
produit  les  silex  et  surtout  ceux  qu'on  d6signe  par  le  nom  g^n^ral  d'agate 
et  de  calc^oine." — Eatai  aur  let  Orbieulea  nUeeux,  Aon.  Sciences  Nat. 
1631,  vol.  xxxiii.  p.  200. 

In  the  specimen  of  Trigonia  from  Tisbury,  previously  mentioned 
(p.  527),  the  braneMm  are  completely  silicified ;  and  some  of  these  fila- 
ments, when  examined  under  a  high  power,  show  the  orbicular  structure 
which  characterises  chalcedonic  silica. 
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been  in  a  pasty  condition  when  it  suffered  without  fracture 
such  abrupt  curvatures.  Mr.  Darwin  states  that  the  de- 
tached concentric  layers  resembled  gigantic  semi-cylinders 
of  quartz,  like  draining-  or  ridge-tiles.  One  specimen  was 
twenty  feet  long  and  twelve  in  diameter.* 

It  would  appear,  therefore,  that  silex  or  quartz  may  be 
formed  in  two  ways:  by  the  action  of  thermal  waters 
(p.  93,  Ac.),  and  by  the  influence  of  intense  heat.  The  re- 
mark of  Professor  KeOhau  here  applies  with  equal  force  as 
to  the  experiments  which  called  it  forth:  —  ''The  greater 
part  of  the  crystalline  rocks  have  an  entirely  hidden  origin 
and  development.  Chemistry  alone  cannot  decide  this 
question,  for  the  same  minerals  can  be  composed  in  nature 
by  different  processes.  By  the  side  of  the  celebrated  fact 
which  showed  the  possibility  of  the  formation  of  felspar  by 
heat,  we  can  now  place  experiments  which  prove  the  pos- 
sibility of  producing  felspar  in  the  moist  way." 

Mica-schists  and  gneissic  rocks  are  widely  expanded  over 
Europe  and  America;  and  everywhere  abound  in  metal- 
liferous veins.  They  are  of  various  ages ;  and  their  meta- 
morphic  character  is  proved*  by  the  occurrence  of  gneiss, 
mica -schist,  and  talcose-i^chist  in  the  Alps,  Apennines, 
Andes,  and  Alleghanies  under  circumstances  showing  that 
their  crystalline  structure  has  been  acquired  since  the  origin 
of  many  of  the  fossiliferous  strata ;  even  in  some  instances 
long, after  the  deposition  of  those  which  repose  directly 
upon  them.  On  the  other  hand,  the  gneiss  of  KinnekuUe 
in  Sweden,  or  of  the  Falls  of  Montmorenci,  and  many  of 
the  unstratified  or  plutouic  rocks  of  the  Adirondach  moun- 
tains, west  of  Lake  Champlain,  are  of  older  date  than  any 
strata  in  which  organic  remains  have  yet  been  found.f 

In  the  North  Highlands  of  Scotland,  as  already  stated 

*  Mr.  Darwin,  Oa  the  Geology  of  the  Falkland  Islands ;  Quarterly 
Geological  Journal,  vol.  v,  p.  267. 

t  Sir  C.  Lyell's  Travels  in  America,  vol.  ii.  p.  I'ie9. 
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(p.  800),  we  have  both  an  old  primordial  gneiss  and  a  younger 
metamorphic  gneiss  within  a  section  of  a  few  miles  in 
length* 

24.  BA.SALT  OB  Trap. — The  consideration  of  the  ancient 
volcanic  rock  designated  by  the  various  names  of  Wkin^ 
Trap^  BauUtf  and  Clinkstone  will  next  engage  our  attention. 
Basalt  occurs  in  veins  or  dykes,  which  traverse  rocks  of  all 
ages ;  it  also  occurs  in  layers  spread  over  the  surface  of  the 
strata,  or  interposed  between  them.  Many  modem  lavas 
differ  so  little  from  basalt,  that  it  is  unnecessary  to  adduce 
proof  of  the  volcanic  nature  of  this  rock.  Dr.  MaccuUoch 
observes,  that  from  lava  to  basalt,  and  from  thence  to  syenite, 
porphyry,  and  granite,  there  is  an  uninterrupted  succession  : 
as  agents  in  geolo^al  changes  trap  and  granite  are  identical; 
and  that  it  is  a  mere  dispute  about  terms  to  refuse  the  name 
of  submarine  lavas  to  basaltic  dykes.  They  are  as  much  the 
product  of  extinguished  volcanos,  as  the  basalts,  lavas,  aud 
tuiFs  of  Italy  are  the  result,  in  some  cases,  of  extinct,  aud, 
in  others,  of  active  volcanos.f  Beds  of  felspathic  and 
basaltic  materials,  of  a  friable  and  coarse  texture,  are  often 
found  in  the  older  rocks ;  these  are  volcanic  ashes  and  grits, 
that  have  been  formed  at  the  bottom  of  the  sea,  during  the 
accumulation  of  the  sedimentary  matter  with  which  they 
are  associated  (p.  818).  In  some  places  they  appear  as  cur- 
rents or  sheets  of  pure  volcanic  materials ;  at  others  they 
envelope  marine  remains,  pebbles,  sand,  and  fragments  of 
rocks;  some  layers  consist  of  fine  volcanic  scori®  passing 
into  sand ;  and  all  these  varieties  alternate  with  beds  com- 
posed exclusively  of  shelly  and  marine  sediments ;  so  that 
no  doubt  can  be  entertained  that  the  diversified  masses,  thus 
arranged  in  parallel  strata,  must  have  been  formed  during 
the  same  period  of  igneous  action.  These  evidences  of  an- 
cient volcanic  operations  are  similar  to  those  observable  in 
the  modem  deposits  of  Sicily,  where  banks  of  existing  species 

•  See  •*  Siluria,"  2nd  edit.  p.  199,    f  System  of  Geology,  vol.  u.  p.  1 14. 
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of  marine  shells,  now  at  considerable  heights  above  the  sea, 
are  so  intercalated  with  volcanic  matter,  that  no  other  in- 
ference can  be  drawn  than  that  the  whole  were  of  con- 
temporaneous marine  formation.* 

The  most  remarkable  form  assumed  hy  basalt  is  that  of 
regular  pillars,  or  columns,  clustered  together ;  a  character 
also  observable  in  some  recent  lavas ;  the  columnar  basalts 
of  the  tertiary  epoch  have  already  been  noticed  (vol.i.  p.  271). 
This  columnar  structure  has  been  proved,  by  some  highly 
interesting  experiments,  to  have  originated  in  the  manner  in 
which  refrigeration  took  place.  Mr.  Gregory  Wattf  melted 
seven  hundred  weight  of  basalt  from  Bowley  Eegis  (p.  813), 
and  kept  it  in  the  furnace  several  days  after  the  fire  was 


% 

Lioj«.  iOi.— Basaltic  OoLriiKB,  fkom  the  Giants'  Cai'sewat. 

Pht.  1 .  A  block  Mmwwbat  deoompowd,  partJaDy  exhibiting  the  primitive  •pheroldal  tfun  of 
theprUm.  S.  Poittou  of  colaaM.  eoaaittliig  of  scTeral  Joints.  S.  The  concaTe  taifice 
ofajoiat. 

reduced.  It  fused  into  a  dark-coloured  vitreous  mass  with 
less  heat  than  was  necessary  to  melt  pig-iron  ;  as  the  mass 
cooled,  it  changed  into  a  stony  substance,  and  globules  ap- 
peared ;  these  enlarged  until  they  pressed  laterally  against 
each  other,  and  became  converted  into  polygonal  prisms. X 

•  Silurian  System,  p.  75.       f  PhUosophical  Transactioni  for  1804. 
X  "Geol.Ob§enrer,"p.404. 
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The  articulated  structure  and  regular  forms  of  basaltic 
columns  have,  unquestionably,  resulted  from  the  crystalline 
arrangement  of  the  particles  in  cooling ;  and  the  concavities, 
or  sockets,  have  been  formed  by  one  set  of  prisms  pressing 
upon  others,  and  occasioning  the  upper  spheres  to  sink  into 
those  beneath;  thus  the  different  layers  of  spheres  have 
been  articulated  together,  as  in  the  basaltic  columns  of  the 
Giants'  Causeway  (Li^,  204). 

Proofs  of  the  correctness  of  this  inference  are  afforded  by 
the  occurrence  of  a  spheroidal  nucleus  enveloped  by  a  poly- 
hedral block  of  basalt ;  and  from  the  fact,  that,  when  this 
rock  is  not  divided  into  regular  prismatic  columns,  it  often 
forms  laminated  spheroids,  which,  varying  in  size,  constitute 
by  aggregation  extensive  masses.  The  position  of  the 
columns  presents  every  variety  from  the  perpendicular  to 
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the  horizontal ;  this  has  arisen  from  corresponding  differences 
in  the  direction  of  the  cooling  surfaces,  for  the  prisms  arc 
found  to  be  always  at  right  angles  with  the  surface  of  refri- 
geration; the  horizontal,  inclined,  and  curved  columns  of 
basalt,  which  occur  in  the  Isle  of  Staffa,  and  elsewhere,  have 
originated  from  this  cause. 
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25.  Isle  of  Staffa;  Fikoal's  Catb. — Many  of  the 
Hebrides,  or  Western  Isles  of  Scotland,  are  almost  wholly 
composed  of  trap-rocks.  Of  these  Staffa*  is  the  most  cele- 
brated, on  account  of  a  deep  chasm  or  recess  situated  in  a 
magnificent  group  of  vertical  columnar  basalt,  and  which 
has  been  produced  by  the  incessant  action  of  the  surges  on 
the  base  of  the  cliff.  This  natural  cavem  is  of  singular 
beauty,  and  is  known  to  the  English  tourist  by  the  name  of 
RngaVs  Cave ;  but  it  is  called  by  the  islanders  Ndimh-him, 
or  the  Cave  of  Music,  from  the  murmuring  echoes  occasioned 
by  the  billows,  which  in  rough  weather  dash  with  violence 
and  a  loud  noise  into  the  chasm. 

The  Isle  of  Staffa  is  a  complete  mass  of  columnar  basalt ; 
it  is  about  two  miles  in  circumference,  and  forms  a  table-land 
of  an  irregular  surface,  being  surrounded  on  every  side  by 
steep  cliffs,  about  seventy  feet  high,  which  are  composed  of 
clusters  of  angular  columns,  possessing  from  three  to  six  or 
seven  sides.  It  is  intersected  by  one  deep  gorge,  which 
divides  the  higher  and  more  celebrated  columnar  portion 
from  the  other  division  of  the  island.  At  the  highest  tides, 
the  columns  which  fprm  the  south-western  cliffs  appear  to 
terminate  abruptly  in  the  water ;  but  the  retiring  tide  ex- 
poses a  causeway  of  broken  columns  at  their  base.  The 
greatest  elevation  of  the  island  is  about  120  feet,  and  its 
surface  is  covered  with  soil  of  considerable  depth,  clothed 
vrith  herbage.t 

Fingal's  Cave,  first  made  known  to  the  public  in  1772, 
by  Sir  Joseph  Banks,  is  on  the  south-east  corner  of  the 
idand,  and  presents  a  magnificent  chasm  42  feet  wide,  and 
227  in  length.  The  roof,  which  is  100  feet  high  at  the 
entrance,  gradually  diminishes  to  50,  and  is  composed  of  the 
projecting  extremities  of  basaltic  columns;  the  sides  are 
formed  of  perpendicular  pillars ;  and  the  base  consists  of  a 
causeway  paved  with  the  truncated  ends  of  similar  columns. 

*  Siaffa,  a  None  tenn,  signif  jing  a  staff  or  column,   f  Dr.  Maccalloch 
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The  vaulted  arch  presents  a  singularlj  rich  and  varied  eftect; 
in  some  places  it  is  composed  of  the  ends  of  portions  of 
basaltic  pillars,  resembling  a  tessellated  marble  pavement ; 
in  others,  of  the  rough  surface  of  the  naked  rock;  while  in 
many,  stalactites  mingle  with  the  pillars  in  the  recesses,  and 
add,  by  the  contrast  of  their  colours,  to  the  pictorial  effect, 
which  is  still  further  heightaned  by  the  ever-varying  reflected 
light  thrown  from  the  surface  of  the  water  that  fills  the 
bottom  of  the  cave. 

The  depth  of  the  water  is  nine  feet,  and  a  boat  can 
therefore  reach  the  extremity  of  the  cave  in  tolerably  calm 
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weather ;  but,  when  the  boisterous  gales  of  that  northern 
clime  drive  into  the  cavern,  the  agitated  waves,  dashing  and 
breaking  against  the  rocky  sides,  and  their  roar  echoed  with 
increased  power  from  the  roof,  present  to  the  eye  and  ear 
such  a  scene  of  grandeur  as  bids  defiance  to  any  description. 
The  short  columns  composing  the  natural  causeway  before 
mentioned  continue  within  the  cave  on  each  side,  and  form 
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a  broken  and  irregular  path,  which  aUowB  a  skilful  and  fear- 
less climber  to  reach  the  extremity  on  the  eastern  side  on 
foot :  but  it  is  a  task  of  danger  at  all  times,  and  impossible 
at  high  tide,  or  in  rough  weather.  It  would  be  useless, 
observes  Dr.  MaccuUoch,  to  attempt  a  description  of  the 
picturesque  effect  of  a  scene  which  the  pencil  itself  is  inade- 
quate to  portray.  Even  if  this  cave  were  destitute  of  that 
order  and  symmetry,  and  that  richness  arising  from  the 
multiplicity  of  its  parts,  combined  with  its  vast  dimensions 
and  simple  style,  which  it  possesses,  still  the  prolonged 
length,  the  twilight  gloom  half  concealing  the  playful  aud 
varying  effects  of  reflected  light,  the  echo  of  the  measured 
aurge  as  it  rises  and  falls,  the  transparent  green  of  the  water, 
and  the  profound  and  fairy  solitude  of  the  wnoie  scene,  could 
not  fail  strongly  to  impress  a  mind  gifted  with  any  sense  of 
beauty  in  art  or  in  nature.* 

The  basalt  of  which  the  colunms  are  composed  is  of  a 
dark  greeniish-black  hue;  a  thin  layer  of  silicious  cement 
occurs  between  the  joints  or  articulations,  which  is  called 
mortar  by  the  islanders,  and  strengthens  their  persuasion 
that  this  wonderful  cave  is  the  work  of  art.  Another  cave, 
but  of  inferior  dimensions,  lies  at  a  short  distance ;  and  many 
others  of  less  note  are  seen  in  various  parts  of  the  cliffs,  into 
which  the  sea  breaks  with  a  noise  resembling  that  of  distant 
heavy  ordnance. 

26.  StBATA  ALTEBED  BT  COKTACT  WITH  BaBALT. — In 

Ireland  a  magnificent  range  of  basaltic  pillars  extends  along 
the  northern  coast  of  Antrim.  It  consists  of  an  irregular 
group  of  hundreds  of  thousands  of  pentagonal,  jointed, 
basaltic  columns,  varying  from  one  to  five  feet  in  thickness, 
and  from  twenty  to  two  hundred  feet  in  height.  The 
structure  of  these  masses  I  have  already  described;  their 
prevailing  colour  is  a  dark  greenish-grey.  Along  the  shore, 
a  vast  area  is  covered  by  the  truncated  ends  of  upright 

*  Macculloch's  Western  Isles. 
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columns,  the  upper  parts  of  which  have  been  swept  away 
hy  the  action  of  the  waves.  The  surface,  therefore,  pre- 
sents the  appearance  of  a  pavement  composed  of  enormous 
angular  blocks  of  stone ;  whence  has  originated  the  popular 
name  of  the  Gh'anU^  Causeway.  In  the  cliffs,  a  natural 
cavern  has  been  excavated  hj  the  inroads  of  the  waves,  about 
sixty  feet  high,  and  of  great  picturesque  effect;  the  en- 
trance is  nearly  thirty  feet  in  width,  and  the  walls  are  formed 
of  dark  basalt. 

But  the  great  interest  of  this  spot,  in  a  geological  point 
of  view,  is  the  altered  structure  observable  in  the  sediment- 
ary rocks  wherever  they  are  in  contact  with  the  basalt. 
The  Chalk,  in  this  part  of  Ireland,  constitutes  a  line  of  cliffs 
traversed  by  trap,  which  occurs  in  vertical  dykes,  and  in  ex- 
tensive beds,  and  has  a  columnar  structure. 


IS  4  t        S  ill 

LlOX-  207d— TaaP-DTKSS  TRATSBSnCO  CUaUL  :    IX  TILE  I&LE  OF  RaTUUM.* 

1.  1.  Ch&lk- 

2,  i,  2-  Chalk  changed  loto  graDvlar  marUl*  hj  eoatact  with  the 

Trap-dyke*. 
S.  A  narroir  Trap-dyke  or  rein  (1  f6ot  thick)  traTenlng  altered 

Chalk. 
4.  Trap-dyke,  S«  feet  wide. 
0.  Trap-dyke,  20  feet  wide. 

The  chalk-strata  have  a  total  thickness  of  about  270  feot, 
and  rest  on  a  green  sandstone,  called  mullctioe,  which  is  the 
equivalent  of  the  Upper  Greensand  of  the  south-east  of 

*  See  the  Memoir  by  Conybeare  and  Buckland,  Geol.  Trans,  rol.  iii. 
p.  196,  &c.  The  student  may  also  with  advantage  consult  Portlock's 
'*  Report  on  Londonderry,"  &c.  for  an  account  of  the  Chalk  and  Basalts 
of  the  Antrim  coast;  also  Mr.  E.  Hall's  paper  in  the  Edinb.  New.  Phil. 
Jouro.  new  series,  vol.  v.  p.  53. 
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England  (vol.  i.  p.  801) ;  it  contaius  flint-nodules,  ammo- 
nites,  belemites,  echinites,  terebratula,  and  other  usual 
fossils  of  the  cretaceous  formation. 

In  the  Isle  of  Bathlin,  nearly  vertical  dykes  of  basalt  are 
seen  intersecting  the  chalk  (as  in  this  sketch,  Lign,  207), 
which  at  the  line  of  contact,  and  to  an  extent  of  several  feet 
from  the  wall  of  the  dyke,  is  completely  metamorphosed. 
Those  portions  of  the  chalk  which  have  been  exposed  to  the 
extreme  influence  of  the  trap  are  now  a  dark-brown  crys- 
talline rock,  the  crystals  running  in  flakes,  like  those  of 
coarse  crystalline  limestone ;  in  the  next  state  the  rock  is  of 
a  saccharoid  structure ;  then  fine-grained  and  arenaceous ;  a 
compact  vanety  with  a  porcellaneous  aspect,  and  of  a  bluish- 
grey  colour,  succeeds ;  this  gradually  becomes  of  a  yellow- 
ish-white, and  passes  insensibly  into  unaltered  chalk.*  The 
flints  in  the  luvdened  chalk  are  either  of  a  yellowish  or  deep- 
red  colour,  and  the  chalk  itself  is  highly  phosphorescent.  The 
fossils  are  much  indurated,  but  retain  their  usual  appearance. 

To  the  south  of  Fairhead,  in  the  county  of  Antrim, 
syenite  traverses  mica-schist  and  chalk,  and  fragments  of 
the  latter  are  impacted  in  the  erupted  mass,  being  changed 
into  granular  marble.t  The  geological  structure  of  that 
part  of  Ireland  consists  of—1.  The  underlying  rock.  Mica- 
schist  ;  2.  Coal-shale ;  8.  Triassic  strata ;  4.  Chalk.^ 

In  this  place  it  is  necessary  to  remind  the  reader  of  the 
examples  of  intruded  basaltic  rocks  which  have  been  no- 
ticed in  the  former  part  of  this  lecture,  when  treating  of  the 
pakeozoic  formations ;  viz.  the  trap  of  Dudley  (p.  700  and 
811),  of  the  Malvern  and  Abberley  Hills  (p.  815  and 
818),  Ac. ;  the  toad-stones  of  Derbyshire  (p.  698),  and  the 

*  Dr.  Berger  on  the  Geological  Features  of  the  North-eait  of  Ireland, 
Geol.  Trans,  let  ser.  vol.  iii.  p.  172. 

t  The  beautiful  statuary  marble  of  Carrara  is  Jurassic  limestone, 
metamorphosed  by  the  influence  of  contiguous  igneous  rocks. 

X  Mr.  Griffiths,  Trans.  Geol.  See.  2nd  ser.  vol.  ▼.  p.  179,  &c. 
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Whin-Bill  •  of  Yorkshire.  The  ktter  ia  an  enormous  ba- 
saltic dyke,  which  traverses  the  island  from  the  Tees  toBobin 
Hood*s  Bay,  and  intersects  all  the  strata  from  the  lowermost 
beds  of  the  coal-measures  to  the  oolite  inclusive. 

27.  TsAP-OYEXB  IS  THE  IsLE  OF  Skte. — ^In  the  Isle 
of  Skye  the  intrusions  of  basalt  are  on  a  large  scale,  and 
present  many  important  and  instructive  examples  of  the 
disturbance  and  altered  character  of  the  sedimentary  rocks, 
that  have  been  exposed  to  their  influence.  From  the 
numerous  sketches  that  illustrate  Dr.  Macculloch^s  work  on 
the  Western  Isles,t  I  have  selected  the  one  before  us 
(Zf^n.  208),  as  exhibiting  vertical,  oblique,  and  horizontal 


•,  TerticftI  Trap. 

h,  c,  d,  Trap-Teln«  M&t  off  from  the  inaM  •■ 

0,  Stnta  of  Miidstoiie. 

veins  or  dykes;  a  large  mass  of  trap  is  seen  abutting,  at  a, 
against  the  sandstone-strata  e;  and  giving  off  a  thick  ho- 
rizontal stream,  which  sends  off  branches  both  upwards  (6) 
and  downwards  (<^),  and  finally  divides  into  three  small 
veins  (c,  c,c). 

In  the  cli£&  at  Straithaird,  in  the  Isle  of  Skye,  the  sand- 
stone-strata are  traversed  by  numerous  vertical  dykes  and 
veins  of  trap ;  and  the  latter  in  many  places  have  decom- 

*  See  Prof.  Sedgwick's  valuable  Memoirs,  on  the  Trap-rocks  of  York- 
shire and  Durham,  in  the  Transact.  Cambridge  Phil.  Soc.  vol.  ii.  p.  21, 
and  p.  139. 

t  This  work  should  be  referred  to,  in  order  to  obtam  an  adequate 
idea  of  the  extent  and  complexity  of  the  trap-dykes  and  veins  in  the 
Isle  of  Skye  and  others  of  the  Hebrides.  See  also  Mr.  Geikie's  Memoir 
on  the  Geology  of  Strath  in  Skye,  Quart  Journ.  Geol.  Soc.  vol.  xiv.  p.  15 
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posed,  and  left  perpendicular  fissures,  as  is  shown  in  the 
annexed  sketch  {Lign,  209)  ;  the  reverse  of  the  phenomena 
obsenable  in  the  Val  del  Bove  (p.  866). 


LlOK.  aM.^TKlTlCAL  CBAMNKtS  I3C    SAIflMTOai B-CTBATA,  LKFT   BT    DBOOMPOilCO  TlAF- 
DTKESi  AT  STBAITBAIKD,  I8LK  UF  8KTB. 
(Dr.  M0«enUoch's  WttUm  ItUt.J 

Porphyritic  dykes  and  veins  also  occur  abundantly  in  the 
same  island,  in  some  instances  protruding  through,  and  in 
others  spreading  over  clay-slate,  red  sandstone,  and  shelly 
limestone. 

In  some  of  the  slate-districts,  where  the  trap  has  burst 
through  and  overflowed  the  strata,  fragments  of  slate  are 
found  imbedded  in  the  basalt,  appearing  to  have  been  de- 
tached from  the  rock  at  the  intrusion  of  the  lava,  and  en- 
veloped while  the  latter  was  in  a  state  of  fusion. 

Sometimes  the  fractures  and  displacements  of  the  strata 
are  on  so  small  a  scale  as  to  exhibit  the  relative  connexion 
of  the  separated  portions,  as  shown  in  this  sketch  of  trap 
intruded  between  sandstone,  in  the  Isle  of  Arran  (X^.  210, 
^.  4).  This  island,  which  is  the  largest  in  the  Firth  of 
Clyde,  presents,  like  the  Isle  of  Wight  in  the  south-east  of 
England,  an  epitome  of  the  geology  of  the  neighbouring 
mainland.  There  '*  the  four  great  classes  of  rocks — the  fos- 
ailiferous,  volcanic,  plutonic,  and  metamorphic — are  all  con- 
spicuously  displayed  within  a  very  small  area,  and  with  their 
peculiar  characters  strongly  contrasted."  * 

«  Lyell's  Manual,  5th  edit.  p.  569.  I  much  regret  that  my  limits 
^ill  not  hdmit  of  a  detailed  notice  of  this  most  interesting  island ;  and  I 
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28.  G-BAKiTS. — ^Various  modifications  of  the  compound 
mineral  termed  granite  (see  above,  p.  882)  constitute  a  great 
proportion  of  the  hjpogene  rocks,  and  are  found  almost 
eTerywhere  beneath  the  gneiss  and  mica-schist,  and  often 
in  contact  with  strata  of  the  secondary  and  even  tertiary 
formations.  In  the  British  Isles  granite  appears  in  GkJwaj, 
Donegal,  Armagh,  and  Down,  Wicklow  and  Carlow ;  *  in 
Cornwall  and  Devon  ;  Pembrokeshire ;  Anglesea ;  Kirkcud- 
brightshire ;  Aberdeenshire,  &c. ;  and  forms  the  nucleus  of 
Skiddaw,  Shapfell,  Ben  Nevis,  and  other  mountain-peaks. 

Crraniie-veing^^T'Qnmie  often  occurs  in  dykes  and  veins 
which  traverse  not  only  other  rocks,  but  also  the  preexist- 
ing masses  of  granite ;  proving  that  the  formation  of  this 
mineral  has  taken  place  at  various  and  distant  periods. 
Veins  are  fissures  or  chasms  produced  in  rocks  either  by 
mechanical  disturbance,  or  by  contraction  of  the  mass  dur- 
ing its  consolidation  or  refiigeration,  and  which  have  been 
filled  by  subsequent  infiltration  or  sublimation,  or  by  in- 
jections of  mineral  matter  in  a  state  of  fusion  from  a  sub- 
terranean source.  Although  many  metallic  veins  are  syn- 
chronous with  the  rocks  they  traverse,  having  been  formed 
by  segregation  during  the  consolidation  of  the  mass,  yet  the 
veins  and  dykes  of  volcanic  matter  are  obviously  of  later 

must  refer  the  reader  to  the  work  cited,  and  to  the  excellent  guide  to  the 
Geology  of  the  Isle  of  Arran,  by  Prof.  Ramsay.  See  also  Prof.  Phillips's 
"  Manual  of  Geology/*  1855,  p.  503,  &c.,  for  some  interesting  details  and 
sketches  of  the  general  geology  and  plutonic  rocks  of  Arran. 

*  Some  instructive  observations,  by  the  Rev.  Prof.  Haughton,  on  the 
composition  of  some  of  the  Granites  of  Ireland,  illustrated  by  numerous 
analyses,  and  accompanied  by  remarks  on  the  relative  distribution  of 
the  several  varieties  of  potash-granites  and  soda-granites,  will  be  found 
in  the  Quarterly  Journal  of  the  Geological  Society,  vol.  xiL  p.  171,  and 
also  in  a  second  Memoir  read  before  the  Society  in  January,  1858. 

t  See  De  la  Beche's  '*  Geol.  Observer,"  2nd  edit.  p.  575,  for  descrip- 
tions and  illustrations  of  these  phenomena.  Also  Phillips's  "  Manual," 
p.  508. 
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origin  than  the  beds  in  which  thej  are  intruded.  Thus  the 
granite-yeins  represented  in  this  diagram  (Li^n,  210,  fy.  1) 
are  newer  than  the  slate-rocks  which  thej  penetrate. 


^iirHnitTiiii 
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Liov.  tio.— IifTBVsrnc  noics  or  Tkaf,  OBAnmi,  Pokphtet,  Ae. 

TIr- 1-  OTSBlt*-T«lm  (•,  •)  tnTvntnir  whitt.  lale  of  Arrmn.* 

—  S.  Tetaa  of  tnuiite  («, «)  trtTewlaf  Khlst,  thenMOlTM  eroMod  bj  Tetna  of  two  dlifnvBt 

ldii4i  of  porpbjiT  (». ». »). 

—  S.  OMi«  (»,».»,»}  ihlftrd  by  a  granlto-TetB  (•.«,•). 

—  4 .  iBtnuioa  of  trap  brtwecn  layrn  of  luiditooe  («,«),  pwwntlmr  «■  czamplo  of  fHictvre 

•md  di^lacomrat  lo  obaU,  at  to  admit  of  the  reidaptloB  of  tha  teparated  portloni.t 

Granite-veins  traversing  other  rocks  are  themselves  some- 
times intersected  by  intrusions  of  other  melted  materials. 
This  is  frequently  the  case  in  Cornwall  and  Devon,  where 
numerous  granitic  and  porphyritic  dykes  (called  Wi?<ifi*  J) 
traverse  both  the  granites  and  the  schists  (kill^)  of  that 

•  Phillips.  Encycl.  Metrop..  and  **  Manual."  p.  508. 
t  Dr.  Maccalloch,  Geolog.  Trans,  and  "  Western  Isles.'* 
X  See  De  la  Beche's  "  Report  on  Cornwall,"  Ac,  and  that  excellent  work 
on  Physical  Geology,  the  "  Geol.  Obner^er,**  by  the  same  talented  author. 

3  M 
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diBtrict.  This  sketch  (Xi^.  210,  fig.  2)  represents  a  mass 
of  schistose  rock  crossed  bj  granite-veins  (a,  a)  in  one  di* 
rection,  and  again  bj  yeins  of  porphyry  (^,  \  &),  which  cut 
through  both  the  schist  and  the  granite.  When  gneiss  is 
intersected  by  granite,  it  becomes  shifted,  as  in  this  example, 
in  which  the  granite-veins  {Lign,  210,  fig,  3,  a,  a,  a)  have 
dispb&ced  the  laminie  of  gneiss  (6,  6,  5).  Thus,  by  numer- 
ous observations  of  phenomena  of  a  like  nature,  it  is  now 
clearly  established  that  granite  has  been  ejected  during  the 
Silurian,  Carboniferous,  Jurassic,  Cretaceous,  and  even  Ter- 
tiary epochs. 

Where  granite  has  been  erupted  in  a  fluid  or  softened 
state  among  secondary  strata,  the  latter  are  invariably 
altered  near  the  line  of  junction;  but  when  contolidated 
masses  of  granite  have  bc^n  protruded,  no  such  change  is 
observable.  Into  the  slate-rocks  of  the  Cumbrian  chain 
syenite,  porphyry,  and  greenstone  have  been  injected  in  a 
melted  state,  and  now  fill  up  fissures  prdduced  duijng  the 
general  movements  of  those  strata ;  but  the  central  nucleus 
of  crystalline  rock  exhibits  no  such  appearance. 

29.  Gbakitio  sbuptioks. — ^In  the  Isle  of  Arran,  the 
granitic  rocks  were  evidently  erupted  in  a  state  of  fusion, 
for  the  slates  are  penetrated  by  veins  of  granite  {Lign.  210, 
fig,  1)  ;  and  in  some  instances  are  changed  into  fine-grained 
mica,  or  hornblende-slate. 

M.  Dufrenoy  describes  granite-veins  traversing  chalk,  in 
the  Pyrenees,  which  have  converted  the  cretaceous  rock  into 
crystalline  limestone,  and  generated  in  it  veins  of  iron-ore. 
The  following  instructive  fact  is  noticed  by  M.  Elie  de  Beau- 
mont :  in  the  environs  of  Champoleon,  where  granite  comea 
in  contact  with  Jurassic  limestone,  whatever  may  be  the 
position  of  the  surfaces  in  contact,  the  limestone  and  the 
granite  both  become  metalliferous  near  the  line  of  junction, 
and  contain  small  veins  of  galena,  blende,  iron-  and  copper- 
pyrites,  <&c. ;  and  at  the  same  time  the  secondary  rocks  are 
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indiirated  and  crystalline,  while  the  gratnite  nas  tindergone 
a  contrary  change.  Sir  C.  Ljell  mentions  a  retnarkable  ex- 
ample of  the  alteration  induced  in  stratified  rocks  by  intru- 
sions of  syenite  or  granite ;  near  Christiania,  in  Norway, 
very  dark -coloured  limestone  is  changed  into  white  crys- 
talline marble,  and  slate  into  mica-schist.  Traces  of  fossik 
are  not  uncommon  in  some  of  the  schistose  rocks,  thus 
unequivocally  proving  their  metamorphib'  character ;  as,  for 
instance,  the  casts  of  lai^e  Trilobites  found  by  Prof.  W.  B. 
Bogers  in  the  altered  rocks  near  Boston,  U.  S.  (see 
page  831). 

In  Glen  Tilt,  in  Scotland,  schist  and  limeston«i  ttre  super- 
imposed on  and  traversed  by  granite,  and  the  latter  is 
intruded  among  the  former  rocks,  and  ramifies  into  innu- 
merable veins  in  the  most'  complicated  manner,  proving  its 
perfect  fusion  when  (erupted.* 

Gb«nite  never  occurs  truly  stratified,  but  it  often  assumes 
a  laminar  disppsition,  which  may  be  considered  as  a  modi- 
fication of  concretional  structure.  A  prismatic  or  cuboidal 
form  is  sometimes  observable,  but  this  appeariB  to  be  the 
result  of  incipient  decomposition,  for  the  fissures  become 
enlarged  by  exposure  to  the  air  and  water,  arid  the  rook 
separates  into  masses  resembling  piles  of  masonry,  of  which 
the  celebrated  Logan  or  Eoeking-stonei^  and  the  CheesC" 
wring  of  Cornwall,  are  examples.f 

In  some  instances,  a  tendency  to  a  columnar  arrangement 
is  observable,  as  in  the  cliffs  near  the  Land's  End,  \t\  Corn- 
wall. The  concretionary^  felspathio  rock  of  Corsica  {Napd^ 
leaniie  or  "  Corsican  granite*')  presents  an  orbiculrir  strHc 
ture,  in  which  balls  or  spheroids  of  concentric  and  altemato 
coats  of  hornblende  and  compact  felspar,  are  disseminated 
with  much  regularity  throughout  the  mass. 

♦  See  the  hif^ly  valuable  Memoir  on  the  Geology  of  Glen  tilt,  by 
Dr.  Macenllochp  Geol.  Tmns.  (fint  aeries),  vbl.iii.  pp.  259—337. 
t  See  Appendix  B,  on  the  Logan-stonea. 
3  K  9 
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The  graniteB  of  DeYonshiie  and  Gomwfdl  are  considered 
by  Sir  H.  De  la  Beche  to  have  been  protruded  after  tbe  de- 
position of  the  coal-measures  of  Devon,  and  antecedently  to 
the  Triassic  series.  *'  They  appear  to  have  been  thrown  up 
through  points  of  least  resislxmce,  in  a  line  extending  from 
the  southern  part  of  Devonshire  to  the  Scilly  Isles,  part 
having  protruded  through  the  weakest  places,  and  the 
remainder  being  concealed  beneath.  Erom  the  Scilly  Isles 
to  Dartmoor  inclusive,  there  seems  to  have  been  the  up- 
thrust  of  one  mass,  which  found  points  of  less  resistance 
amid  the  superincumbent  accumulations,  more  in  some 
places  than  in  others.  As  the  masses  rose,  the  edges  of  the 
detrital,  trappean,  and  calcareous  beds  against  which  thej 
pressed  were  frequently  fractured ;  and  into  these  fractures 
the  granitic  matter  was  forced,  forming  veins  which  can 
often  be  traced  terminating  in  fine  threads;  so  that  not 
only  was  the  pressure  great,  but  the  fluidity  of  the  igneous 
rock  sufficient  to  pass  into  small  rents  and  crevices."* 

A  group  of  plutonic  rocks,  consisting  of  granite  and 
syenite  protruded  through  overlying  schistose  and  carboni- 
ferous deposits,  and  surrounded  at  their  base  by  Triassic 
strata,  forms  the  range  of  hills  known  as  Chamwood  Forest, 
in  Leicestershire.  The  highest  ridge,  Bardon  Hill,  is  crested 
with  bare  and  rugged  masses  of  syenite;  and  in  various 
quarries  opened  at  the  base  of  the  hills,  interesting  sections 
are  exposed  of  the  relative  positions  of  the  crptalline  masses 
and  the  sedimentary  strata.  This  isolated  cluster  of  hypogene 
rocks  is  within  a  hundred  miles  of  the  tertiary  deposits  of 
the  south-east  of  England ;  and  at  a  less  distance  from  the 
metropolis  than  any  other  plutonic  region.f 

80.   Mbtamobphish  of  Bocks. — The  transition  from 


I 


•  Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  I  p.  228,  | 
and  "Geol.  Observer,"  p.  563.  | 

t  See  J.  B.  Jakes  on  the  Geology  of  CSiamwood  Forest,  4to,  1842 ;  | 
and  Excursion  to  Chamwood  Forest,  Medals  of  Creation,  vol.  ii.  p.  898.     . 
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granite  to  porphyritic  trachyte  passes  through  infinite  gra- 
dations, but  all  the  modifications  appear  to  be  referable  to 
the  degree  of  incandescence  of  the  materials,  the  circum- 
stances under  which  they  were  ejected,  and  their  slow  or 
rapid  refrigeration.*  An  instructive  example  of  the  passage 
of  granite  into  basalt,  described  by  Dr.Hibbert,  will  illustrate 
theae  remarks.  In  one  of  the  Shetland  Isles,  a  bed  of  basalt, 
extending  for  many  miles,  is  seen  in  contact  with  granite. 
At  a  little  distance  from  the  junction  of  the  rocks,  the  basalt 
contains  minute  particles  of  quartz,  and  these  become  larger 
and  more  distinct  as  they  approach  the  granite :  hornblende, 
felspar,  and  greenstone  (the  latter  is  a  homogeneous  admix- 
ture of  hornblende  and  felspar)  next  appear ;  still  nearer, 
the  rock  consists  of  felspar,  quartz,  and  hornblende :  and  at 
the  line  of  junction  felspar  and  quartz  form  a  mass  which 
requires  but  the  presence  of  mica  to  be  identical  with  the 
granite  in  which  it  is  insensibly  lost.f 

Limestone  in  contact  with  schist  frequently  assumes  a 
crystalline  structure,  as  if  the  same  agency,  which  had  con- 
verted the  clay  into  schist,  had  extended  its  influence  to  the 
overljring  calcareous  beds.  In  the  Isle  of  Man,  interesting 
examples  of  this  transmutation  occur.  In  some  instances 
the  calcareous  beds  in  contact  with  the  fundamental  rock  of 
schist  are  irregular  and  perfectly  crystalline,  but  change  to  a 
stratified  disposition  and  earthy  texture  in  proportion  as 
they  are  further  removed  from  the  schist.  In  other  places 
the  metamorphosis  takes  place  more  gradually,  each  bed  of 
limestone  {Lign.  211,  a,  a,  a)  losing  its  stratified  character, 
and  becoming  amorphous  and  crystidline  (J>)  where  in  contact 

*  In  M.  Credner's  collection,  at  Goth*,  the  Editor  was  kindly  shown 
by  that  accomplished  geologist  a  series  of  Thuringian  rock-specimens, 
in  which  porphyry  was  seen  to  pass  into  an  argillaceous  schist  full  of 
granules  of  fel^»ar;  also  a  similar  toansition  from  gtantte  to  felspathic 
schist 

t  Edinburgh  Journal  of  Science. 


004 


TUE  WOJSfDEfta  OP  OEOLOOT. 


lkt.  vni. 


with  the  achist  (c),  as  is  Bhown  in  this  sketch ;  the  stratified 
and  unstratified  rocks  ceasing  at  length  to  possess  any 
inineralogical  distinction.      And  it  is  a  remarkable  and 


-MXTAIIOEPHISM  or  LmSTOKX  IK  CONTACT  ITITH   SCHUT : 
IfLX  OP  BfAK. 

{Dr.  M»0t¥Uoeh'$  WtUm  IdM.^ 

MtOMi  ft,  CiTsulUJie  andLukorpliow Unwtoae;  c. Schiit. 

highly  instructive  fact,  that  while  in  the  stratified  limestone 
organic  remains  occur,  they  are  altogether  absent  in  the 
crystalline  mass. 

In  the  Isle  of  Anglesea,  Carboniferous  limestone  and  shale 
full  of  organic  remains,  may  be  traced  gradually  passing  into 
hardened  shale,  and  finally  into  homstone,  jasper,  and  anal- 
cime-rock  containing  garnets  and  copper-ore,  a  change  due 
an  to  intrusion  of  greenstone-porphyry.* 

In  the  Ural  Mountains,  which  form  the  dividing  range 
that  separates  the  waters  of  Europe  from  those  of  Asia,  the 
effect  of  metamorphio  action  is  strikingly  displayed.  Sir 
Boderick  Murchison  emphatically  remarks,  that  the  crys- 
talline rocks  which  form  the  axis  of  the  anticlinid  of  the 


•  Prof.  Henslow ;  Traosactions  of  the  Pliilos.  Soc  of  Cambridge. 
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Ural  chain  are  for  the  most  part  altered  Silurian  stoata.  In 
the  short  space  of  a  mile,  observes  Sir  Boderick,  you  maj 
walk  upon  the  edges  of  the  partially  altered  beds  of  grit  and 
schist,  until  jou  find  them  converted  into  amorphous  quartz- 
rock,  in  contact  with  highly  crystalline  greenstone ;  a  rock 
which  is  admitted  to  be  of  igneous  and  intrusive  character. 
Coralline  limestone  is  changed  into  white  and  green  marble. 
The  intense  plutonic  adaon  which  effected  the  disturbance 
of  the  rocks  of  the  Urals  has  clearly  been  the  cause  of  the 
rich  mineral  productions  of  those  regions,  the  metallic  veins, 
and  the  mineralization  and  metamorphism  of  the  sediment- 
ary strata.* 

31.  PsBCious  SxoNSS.f — Connected  with  the  changes 
to  which  the  metamorphic  rocks  have  been  subjected,  is  the 
formation  of  some  of  those  minerals  which,  from  their  beauty, 
splendour,  and  use  as  ornaments,  are  termed  precious  stones. 
The  Sapphire  and  the  Oriental  Ruby,  or  red  sapphire,  which 
are  prized  next  to  the  diamond,  and  almost  equal  that  gem 
in  hardness,  are  foimd .  in  trap-rocks ;  and  the  common 
Corundum,  which  is  a  species  of  the  same  mineral,  and  the 
JEmerald,  occur  in  mica-schist.  The  sapphire  and  ruby  are 
pure  alumina  crystallized  ;!^  and  the  supposition  that  they  have 
been  formed  by  intense  igneous  action,  is  not  only  probable, 
but  is  rendered  almost  certain  by  the  experiments  of 
H.  Ghiudin,  who  succeeded  in  producing  fictitious  rubies, 
which  in  every  respect  resemble  the  natural  gems.  These 
were  formed  by  submitting  alumina,  with  a  small  quantity 
of  calcined  chromate  of  potash,  to  the  influence  of  a  power- 

*  Geology  of  Rumul,  p.  357,,ftc. 

t  Mr.  J.  R.  Jackson's  work  on  Minerals*  treating  especially  of  their 
constitntion,  mode  of  occuirence,  value,  and  uses,  ii  full  of  interest 
And  very  instmctire. 

I  The  sapphire  affords,  by  analysis,  98*5  of  alumina,  0'5  of  lime,  snd 
I  of  oxide  of  iron  ;  the  ruby,  90  of  alumina,  7  of  silez,  and  1*2  of  oxide 
of  iron.  -PkiUip^a  Mineraiogy, 


906  THE  W0NDBB8  OF  GEOLOGY  LacT.  VIIT. 

ful  oxj-hjdrogen  blowpipe,  bj  which  the  materials  were 
melted  into  a  cryBtalliue  mass,  that  presented,  when  cooled, 
aU  the  characteristics  of  the  ruby. 

M.  Ebelmen's  successful  experiments,  also,  in  the  pro- 
duction of  crystals  and  gems,  by  employing  boracic  acid  as  a 
solvent  at  a  high  temperature,  have  an  important  bearing 
upon  the  probable  mode  of  origin  of  many  of  the  natural 
mineral  products  in  igneous  rocks.* 

Gurnet  is  a  well-known  precious  stone,  of  a  rich  brown- 
ish-red colour,  and  is  generally  found  in  plutonic  rocks; 
like  the  ruby,  it  has  also  been  made  artificially,  by  exposing 
its  constituents,  silicates  of  alumina,  lime,  iron,  Ac,  to 
intense  heat.  This  experiment  throws  light  on  the  occur- 
rence of  garnets  in  Anglesea  and  elsewhere,  in  shale  altered 
by  contact  with  trap-dykes,  though  altogether  wanting  in 
every  other  part  of  the  rock ;  a  proof  that  these  crystals 
have  been  produced  by  the  effect  of  heat  on  those  parts  of 
the  sedimentary  deposits  which  were  most  exposed  to  the 
influence  of  the  erupted  mas8.t 

The  production  of  such  crystalline  substances,  though 
effected  by  intense  heat,  may  probably  be  intimately  con- 
nected with  the  action  of  electro-chemical  currents  induced 
by  the  high  temperature,  since  M.  Bequerel  and  Mr.  Cross 
have  formed  without  heat,  from  solutions,  by  long-continued 
galvanic  action,  crystals  of  quartz,  arragonite,  carbonates  of 
lime,  &c.,  which  the  resources  of  chemistry  had  fiiiled  to 
yield.  J 

*  See  De  U  Beche's  '*  Geol.  Observerp"  2nd  edit.  p.  578. 

t  Lyell's  Manual,  5th  edit.  p.  484 

%  **  Light,  Heat,  Electricity,  Sf  agnetism,  Motion,  and  Chemical-af* 
fiuity  are  all  convertible  material  affections;  assuming  either  as  the 
cause,  one  of  the  others  will  be  the  effect.  These  forces,  in  their  varied 
natural  action  upon  the  surface  of  our  planet,  are  continually  altering  the 
nature  of  its  external  crust." — Lecture  on  t/u  Frogreu  of  Physical 
Seietiee,  by  W,  R.  Grove,  Esq^  F.R.S, 
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82.  MxTALLiTBBOUS  YBiKS. — In  mj  descriptiun  of  the 
fissures  obseirable  in  consolidated  strata,  I  mentioned  that 
the  richest  depositories  of  the  metals  occur  in  certain  ca- 
vities, termed  metalliferous  veins,  which  are  separations  in 
the  continuity  of  rocks,  of  a  determinate  width,  but  extend- 
ing indefinitely  in  length  and  depth,  and  more  or  less  filled 
with  metallic  and  mineral  substances  of  a  different  nature 
from  that  of  the  masses  they  traverse.*  These  natural  stores 
of  hidden  treasures  are  not  confined  to  any  epoch  or  form- 
ation, nor  to  any  tracts  of  country ;  they  are,  however, 
most  abundant  in  rocks 'that  have  been  exposed  to  great 
disturbances  and  intense  igneous  action,  hence  their  pre- 
valence in  the  metamorphic  and  plutonic  rocks  :  but  veins 
of  iron,  copper,  arsenic,  silver,  and  gold  also  occur  in  tertiary 
strata  (vol.  i.  p.  289). 

Some  veins  are  evidently  fissures  of  mechanical  origin, 
having  been  opened  by  elevatory  forces ;  in  many  instances 
they  have  been  filled  from  beneath  by  the  sublimation  of 
metalliferous  matter  by  heat ;  and  in  others  from  the  sur- 
face by  infiltration,  or  by  various  materials  deposited  by 
streams,  which  have  flowed  into  them.t  But  in  some  in- 
stances the  veins  are  connected,  by  a  gradual  mineral  tran- 
sition, with  the  contiguous  rock,  and  appear  to  have  resulted 

*  In  De  la  Beche's  *'  Geological  Obaerrer,"  the  student  will  find  the 
abject  of  mineral  Teins  well  illustrated,  and  philosophically  treated. 
Much  valuable  information  on  this  subject  is  also  contained  in  the  ele- 
mentary works  on  Geology  by  Phillips  and  Ansted ;  and  several  important 
papers  on  veins  and  the  structure  of  mineral  lodes  will  be  found  in  the 
Transactions  of  the  Geological  Society  of  Cornwall,  and  in  the  Mining 
Beview. 

t  The  filling  up  of  the  concretiooary  veins,  and  the  formation  of  a  great 
number  of  minerals  which  are  there  met  with,  whether  crystallised  or 
amorphous,  appear  to  admit  of  explanation  by  reference  to  incrusting 
thermal  depositions,  and  do  not  necessarily  indicate  conditions  or  agents 
far  removed  from  actual  existinic  causes.  See  M.  de  Sonarmont's 
observations,  Edinb.  New  PhiL  Joum.  1852,  vol.  lii.  p.  328. 
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from  an  electro-chemical  separation,  or  segregation,  of  cer- 
tain mineral  and  metallic  particles  from  the  enveloping 
mass,  while  it  was  in  a  soft  or  fluid  state,  and  tiieir  deter- 
mination to  partioular  centres.  The  nature  of  these  Teins 
receives  illustration  fn^n  the  nests  of  spar  and  other  mine- 
rals common  in  masses  of  trap,  and  in  whi^h  there  appears 
to  have  been  no  possibility  of  the  introduction  of  any  foreign 
substance  from  without. 

The  vein-stone,  vein-stuff,  or  gangue  is  frequently  formed 
of  several  layers  of  ctystalline  substances  of  variable  thick- 
ness. Thus  against  each  "cheek'*  or  "wall"  of  a  vein  or 
lode,  we  may  find  first  a  coating  of  blende,  then  quartz, 
fluor-spar,  blende,  baryt-spar,  pyrites^  baryt-spar,  fluor-spar, 
pyrites,  and  calc-spar ;  the  two  opposite  layers  of  calc-spar 
either  meeting  &oe  to  face,  with  irregular  cavities,  or  druses, 
interposed,  or  with  a  middle  layer  or  "  rib  "  of  galena.  See 
also  p.  696.  Sometimes  the  vein-stone  is  composed  of  one 
material  oolj^  such  as  quarts.  Frequently  two  or  more  sets 
of  crystallized  coatings  are  observable  in  a  vein,  owing  to 
the  successive  infiltrations  a^  segregations  of  mineral  matter. 
These  may  be  composed  of  a  similar  material  throughout ; 
or  each  series  may  vary  from  the  others. 

From  the  observations  of  M.  Foumet  in  the  mines  of 
Auvergne,  it  seems  probable  that  in  many  instances  sul- 
phides of  iron,  copper,  lead,  and  sine,  sulphate  of  barytes, 
and  other  minerals,  have  been  introduced  at  dififerent  periods, 
accompanied  by  new  fractures  and  dislocations  of  the  rocks, 
and  the  widening  of  pre\ious  fissures.* 

"  When  describing  the  successive  openings  of  the  veins 
near  Pontgibaud,  M.  Foumet  f  points  out  that  deposits  of 
different  mineral  substances,  or  modifications  of  such  sub- 

•  Sir  C.  Lyell's  AxmiTenary  Address,   1837,  Proceed.  Geol.  Soc. 
vol.  ii.  p.  498 
t  Etudes  BUT  les  D^pdu  M6tallif&res. 
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stances,  are  seen  to  characterize  five  of  the  six  successive 
dislocations  which  he  -was  enabled  to  trace ;  the  sixth  being 
marked  bj  the  introduction  of  pebbles  and  sand, — a  con- 
tinuation of  the  accumulation  which  still  covers  the  country 
in  many  places,  and  which  is  itself  covered  by  the  lavas  of 
the  extinct  volcanoe  of  Louchadiere  and  Franal.*'  * 

The  observations  and  experiments  of  Mr.  E.  W.  Fox  I 
add  great  weight  to  the  hypothesis  which  explains  the  filling 
up  of  metallic  veins  by  electrical  agency.  M.  Bequerel  X 
remarks,  that,  when  a  vein  is  either  wholly  or  partially  filled, 
the  transfusion  of  water  from  the  surrounding  rocks  would 
bring  electric  forces  into  play,  and  give  rise  to  decomposi- 
tions and  new  combinations  of  mineral  matter.  The  separ- 
ation of  pure  metal  from  solutions  of  metallic  salts,  by 
galvanic  action, — a  process  fruniliar  to  every  one,  under  the 
name  of  the  electrotype^ — and  from  the  ore  by  a  modification 
of  the  same  force,  exemplifies  the  nature  of  those  changes  by 
which  native  gold,  silver,  copper,  &c.  may  be  produced  in 
the  interior  of  the  earth. § 

There  appear  to  be  certain  associations  of  metallic  sub- 
atanoee  in  the  veins ;  \  as,  for  instance,  iron  and  copper,  lead 
and  zinc,  tin  and  copper,  and  probably  gold  and  platinum. 
The  following  list  shows  the  geological  distribution  of  a  few 
of  the  chief  metals. 

•  De  la  Bechfi,  "  Geological  Obaenrer/'  2nd  edit.  p.  698,  fio<#. 

t  Phil.  Tianaut.  1830,  p.  399,  &c.  See  alto  Mr.  R.  Hunt's  Memoir, 
On  the  Influence  of  Magnetism  and  Electricity  on  Crystallization,  &c., 
Mem.  Oeol.  Surrey,  voh  i. 

I  Edinb.  New  Phil.  Joum.  vol.  ii.  p.  330. 

$  M.  Bequerel  has  succeeded,  by  the  permanent  action  of  electrical 
currents  only,  in  separating  the  metals  of  silrer,  lead,  and  copper  from 
their  ores.  The  electro-chemical  apparatus  employed  consisted  simply 
of  iron,  a  concentrated  solution  of  sea-salt,  and  the  ore  of  the  metal 
properly  prepared.    See  notes  to  Dr.  Buckland*s  Bridgewater  Treatise. 

I  In  the  Edinb.  New  Phil.  Joum.  vols.  liv.  and  It.  is  a  useful  and 
extended  digest  of  A.  Breithanpt's  work  on  the  Association  of  MineralK. 
or  their  *'  Paragenetic  Relations,"— />m  Porag^nuu  dmr  Mmtrakm,  1849 
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7Vii~geDeraUy  occurs  in  quartz-Teins  tnTenizig  granite  and  schist 
It  has  not  been  discorered  in  a  native  state,  but  is  commonlj 
found  as  an  oxide,  and  rarely  as  a  sulphide.  The  ores  of  this 
metal  are  of  great  hardness  and  specific  gravity,  and  are  termed 
tin-stone.  Wood-4in,  so  called  from  its  fibrous  structure,  and 
ttream-Hnj  are  found  in  the  beds  of  streams  and  rivulets :  they 
are  the  alluvial  detritus  of  tin-veins,  that  existed  in  rocks  now 
destroyed.  The  ttamti/ermu  gravel  of  Cornwall  is  the  debris  of 
preexisting  rocks  traversed  by  tin-veins,  and  has  been  formed  m 
the  same  manner  as  the  auriferous  alluvia  of  Russia,  Australia, 
and  America.  The  mines  of  Cornwall  are  the  most  productive  in 
Europe,  and  have  been  worked  from  the  remotest  historical 
periods.  The  Tynans,  as  early  as  the  time  of  Moses,  imported 
tin  from  that  district. 

Liad. — The  ores  of  this  metal  are  very  numerous :  and  the  sulphide 
of  lead,  or  galena,  occurs  in  primary  and  secondary  rocks.  In 
Derbyshire,  the  principal  veins  of  lead  are  in  the  carboniferoas 
limestone. 

Copper — is  found  in  primary,  secondary,  and  tertiary  rocks,  and  in 
modem  deposits ;  it  often  occurs  native,  that  is,  in  a  pure  me- 
tallic stale,  sometimes  in  blocks  many  tons  in  weight :  its  ores,  or 
combinations  with  other  metals  and  minerals,  are  very  numerouB. 
Cornwall  ia  the  principal  European  repository  of  this  metal. 

GoU— exists  in  granite  and  quartz-veins  traversing  metamorphic  rocks. 
The  gold  found  in  the  mud  and  sands  of  rivers  has  been  derived 
from  gold-bearing  veins  which  existed  in  rocks  subsequently 
broken  up  and  disintegrated :  such  is  the  origin  of  the  auriferous 
sands  and  gravels  of  Russia,*  which  we  shall  presently  describe. 

Silver. — This  metal  is  found  in  crystalline  and  metamorphic  rocks; 
often  native,  but  generally  in  ores  associated  with  arsenic,  cobalt, 
ftc.  Sulphide  of  silver  (a  combination  of  metallic  silver  and  sul- 
phur) is  the  most  common  ore  of  this  metal.  Masses  of  pure 
silver,  200  lbs.  in  weight,  have  been  found  m  Norway.  The  rich 
Mexican  silver-  and  gold-mines  are  in  porphyritic  rocks. 

•  See  the  *<  Geol.  Russia  and  the  Ural,"  vol.  i.  The  gold-diggings 
of  California,  Australia,  New  Zealand,  and  elsewhere,— their  mode  of 
working,  general  produce,  and  several  large  pepites  or  nuggets, — ^have 
of  late  years  been  brought  before  the  public  in  the  newspapers  and  other 
periodicals,  and  in  numerous  special  works.  The  Parliamentary  Re- 
ports on  Australia  and  the  Journal  of  the  Geological  Society  contain 
much  information  on  the  subject. 
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Platinum— OGCVOB  in  South  America  and  the  Ural  Mountains.  This 
metal  combines  the  Instre  of  gold  and  silver  with  incomparable 
hardness.  A  vein  has  been  discorered  in  metamorphic  rocks  in 
the  Valley  of  Drac,  in  the  Department  of  Is^e. 

Bitreury  or  Qmckiiher—SA  found  always  liquid  when  in  a  metallic 
state ;  it  is  generally  obtained  from  cinnabar,  which  is  a  sulphide 
of  mercury,  forming  beds  and  Yeins  in  gneiss  and  schist,  and  in 
strata  of  the  carboniferous  epoch.  The  mines  of  Idria  in  Camiola 
are  the  most  productire  in  Europe. 

Iron* — The  almost  unirersal  presence  of  the  ores  of  iron,  and  the 
infinite  rariety  of  its  combinations,  are  too  well  known  to  require 
description.  Natiye  iron  is  sometimes  found  in  rocks ;  but  from 
the  rapid  oxidation  of  this  metal  when  exposed  to  air  or  moisture, 
it  is  seldom  met  with,  except  in  meteoric  stones  (vol.  i.  p.  49). 

I  will  concisely  notice  a  few  interesting  conditions  of  some 
of  these  metallic  substances. 

33.  AuBiFEBOUS  Alluvia  of  Bussia. — In  the  highly 
Taluable  work  of  Sir  B.  Murchison  and  his  colleagues,  '*  The 
Geology  of  Bussia,'*  there  is  an  extremely  interesting  de- 
scription of  the  auriferous  drift  which  annually  yields  a  large 
amount  of  gold  and  some  platinum  to  the  Bussian  government. 
These  metals  are  obtained,  by  washing,  from  the  old  alluvial 
or  diluvial  deposits,  which  abound  in  the  bones  of  mammoths 
and  other  huge  extinct  pachyderms  (see  vol.  i.  p.  155).  The 
gold  and  platinum  have  evidently  been  derived  from  metalli- 
ferous veins  that  existed  in  the  rocks  of  the  TJral  Mountains, 
before  that  chain  was  elevated  above  the  reach  of  alluvial 
action. 

The  auriferous  shingle,  with  its  sub-angular  fragments,  so  completely 
resembles  the  detritus  of  lakes,  and  is  so  unlike  the  grarel  of  sea-shores, 
that,  independently  of  the  absence  of  any  marine  remains  whaterer  all 
along  the  immediate  eastern  flank  of  the  Ural  Mountains,  there  can  be 
no  hesitation  in  believing  that  the  gold-detritus  was  accumulated  during 
a  terrestrial  and  lacustrine  condition  of  the  surface.  Previously  to  the 
eleration  of  the  Urals  to  their  present  altitude,  they  constituted  a  mode- 
rately elerated  region,  which  formed  the  edge  of  an  eastern  continent 
inhabited  by  the  mammoths  and  their  associates.    The  extensire  arbas 
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now  covered  by  auriferons  detritus  were  probably .  then  occupied  by 
lakes,  into  whidi  were  drifted,  in  the  course  of  ages,  the  bones  of  the 
large  extinct  mammalia  which  inhabited  the  surrounding  plains  and  hills, 
and  the  detritus  of  the  rocks  and  strata.  The  sudden  upheaval  of  the 
Ural  crest,  which  has  evidently  taken  place  in  a  comparatively  recent 
period*  broke  away  the  barriers  of  the  lakes,  and  elevated  some  masses 
of  their  shingly  bottoms  and  shores  into  irregular  mounds  which  sub- 
sequently became  desiccated*  and  now  constitute  the  auriferous  alluvia.* 

84.  CiTPBSOua  DEPOSITS. — ^An  illustration  of  a  metallic 
deposit  by  the  effects  of  chemical  action,  without  the  agency 
of  heat,  is  afforded  by  a  sixxgular  formation  of  copper-ore, 
which  occurs  in  New  Brunswick.  In  a  bed  of  lignite,  co- 
vered by  a  few  feet  of  alluvial  soil,  and  resting  on  a  con- 
glomerate, the  precise  nature  of  which  is  not  stated,  there  is 
a  nearly  horizontal  layer  of  green  carbonate  of  copper,  about 
eight  inches  in  thickness.  The  ore  is  disseminated  through 
the  lignite,  in  the  same  manner  as  metallic  ores  are  usually 
blended  with  their  accompanying  vein-stones.  This  bed 
bears  a  close  analogy  to  the  modem  cupriferous  deposits  of 
Anglesea,  and  of  some  parts  of  Hungary  and  Spain,  where, 
at  the  present  time,  water  charged  with  copper  in  solution 
is  by  the  introduction  of  iron  made  to  precipitate  the  former 
metal.  From  the  stratum  of  lignite  occurring  with  the  cop- 
per, and  the  mode  in  which  the  latter  is  interspersed  through- 
out the  mass,  it  appears  that  the  water  in  which  the  vege- 
table matter  floated  was  at  the  same  time  saturated  with  a 
solution  of  copper,  and  that  both  the  organic  and  mineral 
substances  subsided  to  the  bottom  together,  and  formed  the 
singular  compound  deposit  under  consideration ;  over  which, 
probably  at  a  subsequent  period,  the  alluvial  covering  was 
drifted. 

Near  Perm,  in  Bussia  (see  page  567),  rich  cupriferous 
grits  occur,  associated  with  thin  seams  of  coal  and  abundance 
of  fossil  vegetable  remains.  The  copper-ores  are  frequently 
•  See  "The  Geology  of  Russia,"  toI.  i.  pp.  485—487. 
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found  arranged  around  and  in  the  interstices  of  the  stems 
and  branches  of  the  fossil  plants,  exhibiting  a  passage  from 
the  common  oxide  of  copper  to  the  gre^  sulphide,  or  copper- 
pyrites  ;  and  occasionally  to  bright  green  acioular  malachite, 
mixed  with  crystals  of  the  blue  copper-ore.* 

In  Germany  a  thin  band  of  hud,  black,  bituminous,  and 
oopper^bearing  shales,  of  Permian  age,  extends  over  a  wide 
extent  of  country,  and  is  well  known  by  the  name  of  the 
Kupjer-Sehiefer  (see  page  666).  This  thin  copper-shale  has 
been  worked  from,  time  immemorial  around  the  Harz  and 
the  Thuringerwald ;  and  still  supplies  important  revenues 
to  Saxony  and  the  neighbouring  States. 

The  beautiful  green  carbonate  of  copper,  known  by  the 
name  of  malaehite^  haa  been  produced  from  a  cupreous 
solution  by  the  successive  deposition  of  the  metalHc  car- 
bonate in  a  stalagmitic  form,  like  the  calcareous  spar  of 
limestoneHMvems.t 

35.  Tbamshutation  of  Mbtaxs.— The  varied  trans- 
mutations which  metidlio  substances  undergo  in  their  pas- 
sage from  one  combination  to  another — from  their  condition 
in  the  ancient  rocks,  to  that  in  which  they  i^pear  in  later 
formations — ^involve  many  curious  and  highly  interesting 
phenomena. 

The  transmission  of  iron  from  great  depths  to  the  surface, 
in  a  chemical  form  by  means  of  chalybeate  springs,  from 
deposits  in  which  that  metal  was  mechanically  diffused, 
and  the  formation  of  bog-iron,  and  of  iron-stone,  through 
the  agency  of  vegetable  matter  (see  p.  766,  note),  are  familiar 
examples  of  these  changes,  and  have  suggested  to  Mr.  Hugh 
Miller  one  of  his  happiest  illustrations.  "  How  strange,  if 
the  steel  axe  of  the  woodmaoi  should  have  once  formed  part 
of  an  ancient  forest ! — if,  after  first  existing  as  a  solid  mass 
in  a  primary  rock,  it  should  next  have  come  to  be  diffused 
as  a  red  pigment  in  a  transition  conglomerate  (old  red 

*  Geology  of  Russia,  chap.  8.  f  Ibid.  toI.  i.  p.  375. 
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conglomerate,  p.  788), — then  as  a  brown  oxide  in  a  cbalj* 
beate  spring, — tben  as  a  yellow  ocbre  in  a  secondary  sand- 
stone,—then  as  a  component  part  in  the  stems  and  twigs  of 
a  thick  forest  of  arboraceous  plants, — ^then  again  as  an  iron- 
carbonate  slowly  accumulating  at  the  bottom  of  a  morass  of 
the  Coal-measures,  then  as  a  layer  of  indurated  bands  and 
nodules  of  brown  ore,  underlying  a  seam  of  coal, — ^and  then, 
finally,  that  it  should  have  been  dug  out,  and  smelted,  and 
fashioned,  and  employed  for  the  purpose  of  handicraft,  and 
yet  occupy,  even  at  this  stage,  merely  a  middle  place  between 
the  transmigrations  which  have  passed  and  the  changes 
which  are  yet  to  come ! "  • 

86.  Keyiew  of  the  Hypooeks  books. — ^Enough  has 
been  advanced  to  convey  a  general  idea  of  the  characters 
and  relations  of  the  hypogene  rocks,  and  of  the  changes 
induced  on  contiguous  sedimentary  deposits  by  their  influ- 
ence, when  injected  or  upheaved  in  an  incandescent  state. 

The  traces  of  stratification — a  structure  which  we  have 
seen  is  characteristic  of  aqueous  deposition — are  evident  in 
the  uppermost  metamorphic  rocks ;  and  there  is  also,  a  dis- 
tant analogy  to  the  alternate  depositions  of  secondary  beds, 
in  the  succession  of  different  mineral  masses,  as  gneiss,  mica- 
schist,  quartz-rock,  &c.  But  in  the  lowermost  term  of  the 
series,  the  granite,  even  these  apparent  relations  to  the 
stratified  formations  are  altogether  wanting ;  and  in  the 
amorphous  masses,  veins,  and  dykes,  we  see  the  effects  of 
long-continued  and  intense  heat,  produced  under  circum- 
stances which  have  given  to  the  resulting  rocks  a  veiy 
peculiar  character. 

The  transmutation  of  chalk  into  crystalline  marble,->of 
loose  sand  into  compact  sandstone,— of  argillaceous  slate 
into  porcelain-jasper, — of  coal  into  anthracite, — of  shale  and 
mud-stone  into  slate, — of  slate  into  micaceous  schist, — of 
micaceous  schist  into  gneiss  and  granite, — of  the  latter  into 
*  The  Old  Red  Sondstcme,  p.  250. 
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trap, — and  so  forth — ^together  with  the  characters  presented 
by  the  mineral  products  of  existing  volcanos,  prepare  the 
mind  to  receive  without  surprise  the  assertion  of  ail  eminent 
geologist  and  chemist,  M.  Foumet ;  that  all  the  hypogene  rocks 
ore  probably  iedimentary  depowU  metamorphosed  by  igneoua 
actum;*  this  opinion,  however,  is  but  a  modification  of 
that  long  since  expressed  hj  our  illustrious  countryman, 
Hutton, illustrated  by  Fbiyfair,  and  fully  elucidated  by  Lyell.f 
There  is  one  striking  deduction  which  M.  Foumet  has 
drawn  from  the  mineralogical  character  of  these  rocks, 
namely,  that  those  masses,  which,  according  to  our  chemical 
knowledge,  would  require  the  most  intense  and  long-con- 
tinued incandescence  for  their  formation — •'.  e.  those  in 
which  quarts  largely  predominates  —  are  precisely  those 
which  from  their  geological  position  must  have  been  longest 
exposed  to  such  an  agency ;  hence,  in  granite  the  founda- 
tion rock,  quartz,  which  is  the  most  infusible  and  refractory 
material,  largely  prevails.  The  possibility  of  an  earth  being 
converted  by  intense  heat  into  the  hardest  and  purest  crystal 
was  shown  in  the  formation  of  fictitious  rubies  (p.  905). 
To  the  granite  succeed  rocks  in  the  exact  order  of  their  con- 
taining less  quartz,  and  being  therefore  more  easily  fusible^ 
— as  granite  with  a  large  proportion  of  felspar,  porphyry, 
mica-schist,  serpentine,  and  clay-slate4  If  ^e  take  these 
phenomena  into  consideration,  together  with  the  facts,  pre- 
viously stated,  of  the  transmutation  of  one  substance  into 
another  by  the  effect  of  caloric,  it  appears  to  me,  that  in 
the  present  state  of  our  knowledge  we  are  warranted  in  con- 
duding,  that  all  the  granite  and  associated  plutonic  rocks 
that  are  accessible  to  human  observation  are  nothing  more 
than  sedimentary  deposits  altered  by  igneous  agency. 

But  from  what  source  were  the  most  ancient  granitic 

*  The  general  reader  will  find  an  interesting  account  of  M.  Foumet's 
theory  in  Jameson's  Edinburgh  New  Phil.  Journal,  vol.  zxiT.  p.  116,  &c. 

t  "  Manual  of  Geology,"  chap.  35. 

X  Jameson's  Edinburgh  Journal,  loc  cit.  p.  115. 
3  M 
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rocks  deriyed  ? — ^whence  originAted  the  materialfl  upon  wbich 
igneous  action  exerted  its  influence,  and  produced  those 
OTstalline  masses  which  are  the  UlHma  Thule  of  geological 
research  ?  Was  granite,  as  Humboldt  has  supposed,  the 
basis  or  framework  upon  which  the  first  aqueous  sediments 
were  deposited  P-^-These  are  questions  which  we  are  not  in 
a  condition  to  solve ;  and  it  does  not  appear  probable,  that 
vestiges  of  the  first  dawn  of  creation  upon  the  surface  of  our 
planet  will  ever  be  revealed  to  mortal  eye. 

37.  Oboajtio  EiKAnrs  nr  thb  Mxtamobphio  Bocks. 
-— *I  have  stated,  that  with  the  lowermost  of  the  slaty  rocks, 
or  crystalline  schists,  all  traces  of  organization  are  lost ;  but 
this  assertion  requires  some  reservation,  for,  as  an  eminent 
geologist  has  remarked,  ''with  the  exception  of  granite, 
probably  no  rock  is  known  beneath  which  organic  remains 
may  not  be  found."*    Let  us  here  resume  the  inquiry. 

The  extent  to  which  the  metamorphism  of  sedimentary 
rocks  changes  their  lithological  characters  is  variable ;  and 
so  also  is  the  degree  in  which  the  oi*ganic  remains  imbedded 
in  those  deposits  are  obscured  by  this  change.  Some  of  the 
strata  that  have  suffered  from  metamorphic  agency  in  the 
Alps  and  Andes  frequently  retain  impressions  of  fossils 
sufficiently  distinct  to  enable  the  paheontologist  to  decide 
the  geological  age  of  these  schists  and  slates ;  some  of  which 
are  of  secondary,  and  others  even  of  tertiary  age.f 

So  also  many  of  the  much-altered  Devonian  and  Silurian 
rocks  have  given  up  to  persevering  research  abundant  fossil 
relics,  in  Europe,  England,  and  North  America.  We  may 
instance  M.  Bischoff's  discovery  of  Upper  Silurian  phint- 
remains  in  the  sbity  schists  of  Magdespnmg  (p.  822) ;  Mr. 
Salter's  and  Dr.  Eanahan's  discoveries  of  fossils  in  the 

*  Macculloch'fl  Western  Isles,  p.  514. 

t  The  German  geologists  haye  come  to  the  conclusion  that  the  Glama- 
slates  (see  p.  365)  are  of  eocene  age.  In  the  CarinthiAD  Alps  there  are 
black  slates  of  cretaceous  age. 
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Cambrisn  grauwacke  (p.  837)  ;  Mr.  Peach's  discovery  of 
Lower  Silurian  fossils  in  the  silieious  limestones  of  Durness 
(p.  806)  }  and  especially  Prof.  W.  Bogers's  late  discovery  of 
numerous  impressions  and  casts  of  trilobites  in  the  old  rocks 
near  Boston,  U.  8.  (p.  881). 

These  instances  of  successftd  research  in  metamorphic 
rocks  lead  us  to  hope  that  other  schists,  as  yet  apparently 
barren  of  fossils,  will  in  time  yield  some  organic  evidence  ot 
their  geological  age.  From  the  researches  of  Sir  B.  Murohi- 
son,*  we  now  know  that  great  masses  of  the  gneissose  and 
micaceous  schists  of  the  North  of  Scotland  are  most  pro- 
bably of  Lower  Silurian  age,  on  account  of  their  immediately 
overlying  (in  Sutherlandshire)  the  fossiliferous  limestono 
and  quartzite  of  Durness  (p.  806)  ;  and  doubtlessly  in  this, 
as  in  other  analogous  cases,  traces  of  fossils  will  some  day 
be  found  in  such  rocks,  which  often  almost  rival  in  theh* 
crystalline  character  the  primordial  gneiss  and  granitic  rocks, 
on  which  the  oldest  sedimentary  beds  of  Canada,  Scotland, 
and  Scandinavia  repose. 

From  the  intense  heat  to  which  some  of  the  crystalline  and 
metamorphic  rocks  have  been  exposed,  we  cannot,  of  course, 
expect  to  find  in  them  any  organic  remains,  except  possibly 
such  as  are  formed  of  materials  capable  of  resbting  the  effects 
of  that  influence.  The  observations  and  experiments  of  the 
Bev.  J.  B.  Beade  have  shown,  that  vegetables  possess  a 
structure  which  is  composed  of  silex,  and  is  indestructible 
in  a  common  fire  (p.  716).  In  animals,  excepting  in  some 
of  the  Protozoa,  we  seek  in  vain  for  an  elementary  tissue 
capable  of  resisting  the  powerful  influence  of  heat.  For  it 
is  clear,  that,  if  calcareous  skeletons  were  exposed  to  intense 
heat,  all  traces  of  organization  would  be  obliterated ;  and  it 
would  therefore  be  hopeless  to  expect  any  indications  of 
animal  organisms,  except  of  those  that  were  silieious,  in 
rocks  where  even  the  lines  of  stratification  are  melted  away. 

•  Oeol.  Soc.  Proceed.  Feb.  3.  1858. 
3  K  2 
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M.  Ehrenberg,  to  whom  we  are  so  greatly  indebted  for 
opening  this  new  field  of  inquiry,  has  disooTored  the  remains 
of  the  minute  Tegetable  organisms  known  as  DiatomaceiB, 
not  only  in  aqueous,  but  idso  in  yolcanic  products.  The 
ferruginous  or  ochreous  film  or  scum  seen  on  the  waters  of 
marshes  and  of  stagnant  pools,  or  at  the  bottom  of  ditches, 
sometimes  forming  a  red  or  yellowish  mass  many  inches 
thick,  without  any  consistence,  dividing  at  a  touch  into 
minute  atoms,  and  which,  when  dried,  resembles  oxide 
of  iron,  is  found  to  be  wholly  composed  of  the  shields  or 
firustules  of  the  OMionella  ferruginea :  and  the  formation 
of  bog-iron-ore  is  supposed  to  be  in  a  great  measure  depend- 
ent on  this  source.  The  semi-opal  and  the  tripoli  of  the 
tertiary  deposits  are  wholly  composed  of  fossil  remains  of 
this  kind ;  and  Ehrenberg  distinctly  states,  that  while  in  the 
instances  above  mentioned  there  cannot  be  the  least  doubt 
of  the  nature  of  the  organic  remains,  in  the  semi-opal  of  the 
serpentine  of  Ghampigny,  and  in  the  precious  opal  of  the 
porphyry,  he  has  detected  bodies  so  exactly  similar  that, 
although  at  present  he  hesitates  positively  to  affirm  that 
they  are  organic,  he  can  scarcely  entertain  any  doubt  upon 
the  subject. 

As  Ehrenberg  has  also  discovered  silicions  infusorial  re- 
mains in  volcanic  ejectamenta,  it  can  be  conceived  that  such 
indestructible  organic  atoms  may  exist  even  in  metamorphic 
crystalline  schists.  This  branch  of  palieontological  research 
requires,  however,  peculiar  patience  and  acumen ;  and  it  is 
to  be  hoped  that  the  observations  of  the  Bev.  J.  B.  Beade  * 
and  Mr.  Bryson,t  who  have  found  minute  bodies  resembling 
Gallionellie,  Navicular,  &c.y  in  mica*schists,  will  be  followed 
up  with  caution  and  perseverance. 

88.  Ghboitologt  of  MouKTAnr-OHAiKS.  —  We  have 
seen  that  the  intrusions  of  molten  rocks  have  not  only 
altered  the  chemical  nature  of  the  strata  through  which 

•  See  Appendix  C.         f  Edin.  N.  Phil.  Journ.  N.  S.  vol.  1.  p.  368. 
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they  were  erupted,  but  have  also  changed  their  positionB 
and  relations,  and  produced  corresponding  modifications  in 
the  physical  geography  of  the  dry  land;  having  in  some 
instances  transformed  plains  into  mountain-peaks,  and  in 
others  occasioned  the  subsidence  of  elevated  regions  to  the 
bottom  of  the  ocean.  As  these  changes  took  place  at  various 
epochs,  separated  from  each  other  by  periods  of  repose, 
sometimes  considerable,  sometimes  brief,  it  is  manifest  that 
the  existing  mountain-chains  are  of  very  different  ages.  By 
a  careM  examination  of  the  phenomena  which  bear  upon 
this  question,  the  relative  antiquity  of  many  of  the  principal 
ranges  has  been  determined ;  or,  in  other  terms,  it  has  been 
ascertained  at  what  geological  epochs  the  Alps,  Pyrenees, 
Andes,  &c.  were  elevated  above  the  waters. 

My  observations  on  this  subject  must,  however,  be  re- 
stricted to  an  explanation  of  the  mode  of  induction  employed, 
and  a  brief  notice  of  some  of  the  results.  The  positions  of 
the  older  strata  in  relation  to  the  protruded  plutonic  rocks 
and  the  newer  sedimentary  deposits  are  the  principal  data 
by  which  this  problem  may  be  solved ;  for,  as  the  several 
stratified  rock-masses  have  been  deposited  in  nearly  hori- 
zontal positions,  it  is  obvious,  that  when  they  are  found 
highly  inclined,  and  in  contact  with  mountain-masses  of 
crystalline  or  volcanic  rocks,  the  latter  must  have  been  pro- 
truded Hnee  the  sedimentary  were  formed,  and  of  course 
daring  the  primary,  secondary,  or  tertiary  periods,  as  the  case 
may  be.  On  the  contrary,  if  we  find  other  strata  in  contact 
with  the  same  masses,  but  only  touching  them  with  their 
edges,  or  encircling  their  base  in  an  unconformable  position, 
it  is  evident  that  the  mountains  must  have  been  elevated 
before  the  formation  of  the  latter  deposits. 

It  is  by  cautious  inductions  of  this  kind,  that  a  distin- 
guished savant,  M.  £lie  de  Beaumont,  has  shown, — 1  that 
the  mountain-chains  of  the  Erzgebirge,  in  Saxony,  and  of  the 
C6te  d'Or,  in  Burgundy,  are  newer  than  the  Jura  lime- 
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■tone,  but  older  ihaa  the  Greeneand  and  Chalk.  2.  That 
the  Pyteneea  and  Apenninee  are  of  about  the  same  age 
with  the  chalk*formationi  3.  That  the  western  part  of  the 
Alps  is  of  later  origin  than  the  older  tertiary  formations, 
and  was  raised  up  after  the  last  of  the  newer  pliocene  beds 
were  deposited. 

The  Caernarvon  chain  was  elevated  anterior  to  the  depo- 
sition of  the  mountain4imeBtone»  for  the  latter  wraps  round 
it  like  a  mantle.* 

Professor  Phillips  infers,  that  when  the  Grampian  Hills 
sent  forth  streams  loaded  with  detritus  to  straits  where  now 
the  Vallefs  of  the  Cljde  and  Forth  meet,  the  greater  part 
of  Europe  was  beneath  the  sea»  For  the  Pyrenees  and 
Carpathian  Mountains  are  younger  than  the  Grampians  and 
the  Mendip  Hills. 

That  the  mMen  protrusion  of  such  immense  masses  as 
the  Alps  or  Pyrenees  from  the  bottom  of  the  ooeaii  must 
have  dislodged  vast  volumes  of  water^  and  created  a  seriee 
of  waves  high  and  powerful  enough  to  cause  transitory  but 
destructive  inundations  over  such  portions  of  the  adjacent 
dry  land  as  were  only  a  few  hundred  feet  above  the  level 
of  the  sea,  cannot  be  doubted ;  but,  if  the  elevations  were 
graduali  such  effects  would  take  place  only  in  a  very  slight 
degree* 

89.  Ststbms  ov  ELiyATiov.--From  the  &cts  and  oU 
servations  that  have  been  adduced,  it  is  sufficiently  obvious 
that  prodigious  masses  of  granite  and  other  hypogene  rocks 
have  been  raised  into  ridges  and  mountain-chains  at  various 
periods,  and  long  after  their  first  formation  and  subsequent 
consolidation.  In  many  cases  the  protrusions  are  local 
and  of  comparatively  small  extent,  at  least  so  far  as  their 
distribution  on  the  surface  is  conceinedj  for  very  distant 
isolated  peaks  of  plutonic  matter  may  have  a  deep-seated 
connexion.    But  in  other  instances  the  elevAtory  fonse  has 


I  «k  THE  CALEDONIAN  TALLET,  921 

embraced  a  vast  area,  and  entiie  mountain-chainB  have  been 
eimultaneoufilj  and  permanentlj  lifted  up,  and  now  remain 
in  parallel  ranges ;  the  subordinate  parts  of  any  one  period 
or  system  of  elevation  being  in  accordance,  as  to  position 
and  direction,  with  the  principal  upheaved  masses.  Admits 
ting  the  general  correctness  of  these  views,  it  follows  that 
mountain-ridges  composed  of  vertical  or  highly  inclined  beds, 
emerging  from  beneath  horieontal  deposits,  must  have  been 
thrown  up  previously  to  the  deposition  of  the  latter :  and  that 
their  upheaval  was  succeeded  by  a  long  period  of  repose, 
daring  which  the  flanks  of  the  mountains  beneath  the  sea 
were  covered  by  the  horizontal  sediments ;  the  latter,  elevated 
above  the  waters  by  subsequent  movements,  now  form  the 
fertile  plains  which  surround  the  base  of  the  Alpine  districts. 

Professor  Sedgwick  remarks,  that,  if  we  admit  that  the 
higher  r^ons  of  the  globe  have  been  raised  from  the  sea 
by  any  modification  of  volcanic  force,  we  must  also  admit 
that  there  have  been  many  successive  epochs  of  extra- 
ordinary  plutonic  energy,  separated  from  each  other  by  long 
periods  of  repose.*  The  sudden  formation  of  mountain* 
peaks  by  tiolent  upbursts  of  subterranean  force  may  be 
regarded  as  paroxysmal  efforts  of  the  expansive  power  by 
whose  lon^-continued  and  imperceptible  action  the  elevation 
of  continents,  and  of  extensive  areas  of  the  bed  of  the  ocean, 
is  gradually  effected.t 

40.  The  GAXxnoiriAir  YALLXT.-^The  British  Islands  afford 
ttriking  illustrations  of  the  long-continued  paraHelism  in  the 
direction  of  the  disturbing  forces.  The  great  Caledonian 
Valley  extends  through  Scotland  almost  in  a  straight  line, 
from  S.  W.  to  N.  E.,  from  near  Lismore  Island  to  Fprt 
George  in  Moray  Frith ;  a  distance  of  more  than  a  hundred 

*  AnniTenaty  Addren  to  the  Geological  Society,  for  1831. 
f  See  Mr.  BakeweU'fl  Mgactoos  commeiitiry  on  this  qiieitioii»  Intro- 
ductioii  to  Geology,  p.  531. 
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miles.  This  magnifioent  glen,  with  its  system  of  rectilinear 
lochs  or  lakes,  and  friths,  has  been  produced  by  a  wedge- 
shaped  ridge  of  gneiss  baring  been  upheayed  in  a  solid  mass, 
and  forced  through  the  stratified  deposits  which  now  abut 
against  it  in  highly  inclined  positions.  That  this  vast  ridge 
of  plutonic  matter  was  in  the  state  of  a  hard  rock  when 
elerated,  is  inferred  from  there  being  no  interpolations  of 
▼olcanic  products  among  the  contiguous  DoTonian  strata; 
and  from  the  latter  manifesting  no  indications  of  the 
changes  which  would  have  been  induced  by  intense  heat. 
Hence  the  sharp  mountain-ridges  and  peaks  of  these  Alpine 
regions,  the  precipitous  glens,  the  narrow  passes,  and  the 
deep  lochs  studded  with  islands,  presenting  every  variety  of 
combination  and  contrast  of  rock,  and  wood,  and  water, 
which  constitute  the  magnificent  scenery  of  the  Highlands. 
Now,  by  a  reference  to  a  geological  map  of  England  and 
Scotland,  it  will  be  seen  that  the  principal  mountains  or 
ridges  of  elevation  of  these  countries  extend  in  a  line  nearly 
parallel  with  the  direction  of  the  Caledonian  Valley,  fix^m 
the  Atlantic  to  the  German  Ocean.  As,  for  example,  the 
Grampians,  which  have  thrown  up  the  Devonian  strata  on 
their  southern  flank ;  the  nearly  parallel  range  of  the  great 
coal-field  of  Scotland;  the  Silurian  rocks  of  the  south  of 
Scotland ;  and  successively  the  principal  secondary  groups 
of  England.  **  In  all,"  as  Mr.  Miller  observes,  "  there  is 
an  approximation  to  parallelism  with  the  Caledonian  Valley, 
affording  proof  that  this  was  the  general  direction  of  the 
elevatory  force,  during  all  the  immensely-extended  term  of 
its  operations,  and  along  the  entire  length  of  the  Island."* 

•  The  Old  Red  Sandstone,  p.  105.  « It  is  a  fact  not  unworthy  of 
remark,  that  the  profound  depths  of  Loch  Ness  were  affected  by  the 
great  earthquake  of  Lisbon  in  1755  (p.  843)  ;  and  that  the  impulse,  true 
to  its  ancient  direction,  droye  the  wares  in  long  furrows  to  the  north-east 
and  south-west."    See  Appendix,  D. 
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41.  Stbuctubi  of  Ben  Netis. — Though  all  granitic 
rocks  are  of  the  same  general  character  as  to  structure, 
composition,  and  formation,  thej  belong  to  different  epochs; 
and,  when  in  juxtaposition,  or  intercalated  with  sedimentary 
beds,  their  relative  age  may  be  determined,  as  we  have 
previously  explained.  Even  when  these  aids  are  wanting, 
different  epochs  of  eruption  are  sometimes  indicated  by 
variations  in  the  mineral  aspect  of  the  rocks ;  and  I  will 
conclude  this  subject  with  a  short  notice  of  a  highly  illus- 
trative example. 

Ben  Nevky  the  monarch  of  the  Scottish  mountains,  is 
situated  on  the  southern  border  of  the  great  Caledonian 
Valley,  suddenly  rising  up  in  imposing  grandeur  from  the 
low  country,  to  an  altitude  of  4370  feet  above  the  level  of 
the  sea.  The  base  and  lower  portion  of  the  mountain  are 
composed  of  gneiss  and  mica-schist ;  above  and  within  which 
is  a  zone  of  granite ;  and  within  the  latter,  and  rising  out 
of  it,  is  a  central,  naked,  rocky  prism  of  porphyry,  which  is 
the  nucleus,  and  forms  the  highest  peaks  of  the  mountain. 

The  inference  as  to  the  relative  age  of  these  three  dif- 
ferent masses  of  plutonic  rocks  from  their  order  of  super- 
position is  the  very  reverse  of  that  deducible  from  such  nn 
assemblage  of  sedimentary  strata.  In  the  present  case  the 
outer  or  overlying  gneiss  and  mica-schist  that  envelope  the 
lower  region  of  the  mountain  are  the  most  ancient;  the 
granite  is  the  next  in  age,  having  protruded  through  and 
upheaved  the  gneiss ;  and  the  central  nucleus  of  porphyry 
is  the  youngest,  or  last  erupted  rock,  having  been  foroed 
up  through  the  dome  of  granite.  These  three  phases  of 
plutonic  action  may  have  taken  place  at  different  and  very 
distant  periods ;  in  like  manner  as  the  beds  of  tuff  and 
8Cori»  of  Vesuvius  or  Etna,  ejected  a  thousand  yeara  ago, 
may  be  upheaved  and  traversed  by  the  modem  eruptions  of 
incandescent  lava. 
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42.  BsTBOBPiOT. — I  now  approach  the  termination  of 
this  ai^gument,  and  it  will  he  inBtruotive  to  review  the 
phenomena  which  hare  passed  hefore  us,  in  order  that  we 
may  retain  a  dear  conception  of  the  leading  principles  and 
inferences  that  have  heen  enunciated.  I  shall,  therefore, 
in  the  first  place,  offer  a  summary  of  the  most  important 
changes  which  have  taken  place  in  the  animal  and  vegetable 
kingdoms,  and  in  the  physical  conditions  of  the  earth's 
suiISmx,  during  the  vast  periods  which  our  investigations 
have  embraced ;  and  conclude  with  a  retrospective  survey  oi 
the  effects  of  vital  action  in  the  elaboration  of  the  solid 
materials  of  the  crust  of  the  globe. 

With  the  view  of  recalling  the  principal  &ots,  I  now  place 
before  you  the  series  of  Illustrations  employed  in  these 
Lectures,  that  you  may  perceive  at  a  glance  the  striking 
contrast  presented  by  the  Faunas  and  Floras  of  the  respect* 
ive  geological  epochs.*  In  the  first  stage,  traces  of  tiie 
existing  species  of  animated  nature  were  everywhere  appa* 
rent ;  and  works  of  human  art,  with  the  bones  of  man  and 
the  remains  of  contemporaneous  animals  and  vegetables, 
were  found  in  the  modcon  deposits.  In  the  preceding  era 
(the  Tertuny)  many  existing  species  and  genera,  of  plantA 
and  animals,  were  absent.  Large  terrestrial  pachydermata 
greatly  predominated,  and  the  vegetation  was  principally  of 
a  character  referable  to  temperate  and  intertropical  climes; 
while  the  seas  abounded  in  fishes,  crustaceans,  and  moUusca, 
as  at  the  present  time. 

The  next  period  (the  Oretaeeawi)  presented  a  wide  ocean, 
teeming  with  the  general  types  of  marine  beings,  but  of 
different  species  and  genera  to  those  of  the  later  eras,  and 

*  The  reader  may  reaUze  thii  idss  by  raferring  to  the  illustntioiiB  of 
theM  Yolumes,  oommeuoiDg  with  the  foeiil  human  skeleton  (vol.  i.  pp.  87 
and  88)»  and  proceeding  (rom  the  large  mammalia  (pp.  153, 168,  175), 
to  the  last  of  the  series,  the  fossils  of  the  palsBOzoio  deposits  (pp.  794, 
828,  and  829)« 
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bearing  a  large  proportdon  of  extinct  oephalopodous  mol- 
laaca«  Some  alg»  represent  the  marine  flora ;  and  drifted 
trunks  and  leares  of  cjcads,  conifers,  and  dicotyledonous 
trees,  and  a  few  reptiles,  were  the  only  indications  of  the 
dry  land  and  its  inhabitants.  The  delta  of  a  vast  river  now 
appeared  (the  Wealden)^  containing  the  spoils  of  an  ezten* 
•ive  island  or  continent ;  and  the  remains  of  colossal  reptiles, 
of  small  mammalia,  and  of  insects,  and  of  extinct  tropical 
plants,  marked  the  era  of  the  country  of  the  Iguanodon. 

We  were  then  conducted  to  other  seas  (those  of  the  Oolite 
and  X«et),  the  waters  of  which  abounded  with  fishes,  mol- 
luBOB,  and  zoophytes,  and  were  inhabited  by  marine  reptiles, 
wholly  unlike  any  that  now  exist ;  while  the  dry  land  was 
tenanted  by  enormous  terrestrial  and  flying  reptiles,  small 
marsupial  animals,  and  insectSi  and  possessed  a  subtropical 
flora  of  a  peculiar  character 

The  Triamo  dcfposits  showed  us  a  somewhat  similar  group 
of  a&imals  and  vegetables.  But  in  the  iPermian  strata, 
though  so  similar  in  mineralogical  characters  to  the  last,  we 
met  with  a  totally  different  fauna  and  flora  \  and  indeed 
entered  upon  the  paiMHcaic  system  of  life,  having  passed 
downwards  through  the  successive  periods  of  the  neoaaie 
•ystem.  The  Permian  sea  was  full  of  lifei  and  the  land 
was  clothed  with  ferns  and  coniferB,  and  was  inhabitecl  by 
many  reptiles,  which  united  the  characters  of  the  saurians 
and  the  batrachians ;  and  possibly  mammals  also  existed.* 

The  succeeding  era  disclosed  extensive  regions  covered  by 
a  luxuriant  vegetation  (the  Carboniferous);  with  jungles 
and  forests  of  arborescent  ferns,  coniferte,  and  gigantic  trees 
related  to  the  existing  dub-mosses  and  equisetaceie ;  the 
numerical  preponderance  of  thcflowerless  plants  constituting 
a  botanical  character  unknown,  with  but  one  exception,  in 
modem  floras.  The  land  bore  sauro-batrachian  reptiles  and 
insects ;  the  fresh  and  brackish  waters  swarmed  with  moL 
*  According  to  Emmons ;  tee  p.  570. 
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lu8C8,  crustaceans,  and  fishes;  and  the  ocean  abounded 
in  fishes,  molluscs,  and  zoopb  jtes,  of  peculiar  genera  and 
species.  We  advanced  to  other  oceans  (the  Devonian  and 
the  SUurian),  the  repositories  of  corals,  crinoids,  and  mol- 
luscs ;  all  of  the  paleozoic  types  of  form.  The  Devonian 
waters,  too,  swarmed  with  fishes,  some  of  them  similar  to 
those  of  the  Carboniferous  period;  and  a  few  reptiles 
existed.  The  Silurian  seas  were  for  a  long  time  destitute 
apparently  of  fish ;  but  at  last  a  few,  similar  to  those  that 
abounded  shortly  afterwards,  appeared  before  the  Silurian 
period  closed.  In  the  Devonian  series  we  saw  abundant  re- 
lics of  terrestrial  vegetation,  related  to  that  of  the  Car- 
boniferous lands ;  nor  is  some  trace  of  such  a  flora  wanting 
in  the  later  portion  of  the  Silurian  age* 

But  as  we  proceeded  in  a  descending  order,  traces  of  ani- 
mal and  vegetable  existence  became  less  and  less  manifest, 
and  were  at  length  reduced  to  worm-marks  and  a  few  doubt- 
ful sea-weeds ;  these  finally  disappeared,  and  dubious  vestiges 
of  infusoria  were  the  last  indications  of  organic  life. 

48.     SUCCESSTYB   CHANGES  IK  THE   OBOAKIO  KINGnOMS. 

— K  we  reverse  the  order  of  our  retrospective  survey,  and 
pass  in  succession  from  the  most  ancient  to  the  modem  de- 
posits,— ^firom  the  regions  of  sterility  and  plutonic  action, 
to  those  in  which  animal  and  vegetable  life  were  profusely 
developed, — we  obtain  the  following  results : — 
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Fncoids,  Fnngi,  Lycopodiaceie,  Chara- 
ceae,  Equisetacea,  Ferns,  Cycads, 
Palms,  Conifers,  and  Annospermous 
plants.  (The  last  were  plentifol  only 
in  the  Cretaceous  periocL) 


The  numerous  fiemiilies  of  the  Acot]r* 
ledonous,  Monocotyledonous^and  Di- 
cotyledonous classes  that  exist  at  the 
present  day.  (See  p.  734.)  (The 
abundance  of  Angiospermous  Tege- 
tation  characterizes  the  Tertiary 
flora,  as  distinct  from  that  of  the 
Secondary  periods.) ' 
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This  sketch,  afforded  by  the  accompanying  table,  presents 
an  outline  of  the  most  striking  changes  observable  in  the 
succession  of  organic  beings  preserved  in  the  respective 
formations. 

In  this  view,  fucoids,  annelides,  Eooph jtes,  crinoids,  crusta- 
ceans, and  molluscs  afford  the  oldest  evidences  of  organic  ex- 
istence remaining  to  us.  These  receive  the  addition  of  Ijco- 
podiaceous  plants  on  the  one  hand,  and  of  fishes  on  the  other : 
both  possibly  indicating  the  growing  up  of  a  neighbouring 
shore  in  the  Upper  Silurian  sea  of  the  British  area.  In  the 
succeeding  periods  reptiles  and  insects  appear,  with  sauroid 
and  other  fishes,  and  an  immense  development  of  vegetable 
forms,  particularly  of  the  cryptogamic  class.  Large  reptiles 
next  prevail  to  an  extraordinary  degree ;  and  doubtful  indi- 
cations of  birds,  and  a  few  small  mammalia,  attest  the  existence 
of  the  higher  orders  of  animals.  The  vegetable  kingdom  is 
greatly  modified ;  palms  appear,  and  plants  and  trees  of  the 
cycadeous  and  coniferous  tribes  preponderate.  The  next  re- 
markable change  is  in  the  sudden  increase  of  mammiferous 
animals,  and  the  reduction  of  the  reptile  tribes ;  the  large 
extinct  pachydermata,  as  the  mastodon,  mammoth,  &c.,  asso- 
ciated with  existing  genera  and  species  of  other  classes  of 
animals,  first  appear.  From  this  period  to  the  creation  of 
Man,  there  are  no  striking  general  modifications  in  the 
yariouB  orders  of  animal  and  vegetable  existence. 

Hence,  according  to  our  present  palieontological  know- 
ledge, the  first  appearance  of  certain  classes  and  orders  of 
animals  was  in  the  following  chronological  orders : — 

'™~-         .  rRadiaria. 

-J  ^  I    InvertebraU  J  Crustacea  (Entomoslraca). 

^o*"^"  ^*^   <  IMoUusca. 

SiLuaiAH         Ivertebrata.  |  Fiahes  (Cephalaspidw 

V  (In  the  Ludlow  rocks  only.)  )     and  Placotds). 
-,  C  Fishes  of  several  families,  but  all  h€ieroe§roal. 

(  Reptiles  (rare ;  p.  797). 
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»  Reptiles,  numerous  (Batncho-iauriaaB). 

Land-shell  (Nora-ScoUs). 

Insects. 
'  ^Crustsoeans,  of  higher  grade  than  the  Entomostraca. 

{Reptiles  (BatiBcho«saurians aa4 Saurians). 
Mammals  (Chatham  Coal-fteldi  North  Carolina). 
.  Fishes,  mostly  hKmoetroal, 
I  Reptiles,  abundant  (Batracl^>*saurians,  Enaliosaunanst 

and  others). 
^  Mammal  (Stuttgart), 
r  Great  Terrestrial  Dinosauriana. 
Pterodactyles. 
Crocodilian  Saurians, 
Several  Mammalia  (Pachyderm  [Stereognathus1,Mar- 

supial,  InsectiTorous,  and  Cetacean  ?). 
Birds  r 
^Freshwater  PulmoniferoQS  Molluscs, 
Mammalia  of  all  orders,  except  Man,    (TUe  Bomw 

nantia  and  Pn>bo«cidea  appeared  last) 
Birds. 

POST-TBRTIARY         Man. 

It  was  from  this  apparently  succemve  derelopment  of 
living  beings,  from  the  most  simple  to  the  most  complex 
organizations,  that  the  geological  theorj  which  once  pre- 
vailed  took  its  rise ;  *  but  I  scarcely  need  remark,  that  the 
facts  we  have  stated  warrant  no  such  inference :  for  many 
of  the  fossil  animals  which  appear  in  the  most  ancient  or 
earliest  strata  belong  to  orders  having  a  highly  developed 
organization.  Nor  does  the  vegetation  of  those  remote  pe- 
riods lend  any  real  support  to  such  a  hypothesis ;  conifene 
and  the  most  perfectly  organized  of  the  cryptogamic  class 
forming  the  flora  of,  at  least,  the  Upper  Palieozoic  period. 

44.  GeOLOOIGAL  EFFSCTS  of  DXiriJCIOAL  Airi)  chsmioai. 
ACTioi^^. — The  physical  changes  that  have  taken  place  on 
the  earth's  surface  are  in  perfect  harmony  with  the  modi- 
fications observable  in  animated  nature;  for  the  laws  of 
mechanical  and  chemical  action  are  inseparaUy  connected 
*  See  Organic  Remains  of  a  Former  World,  toI.  iii.  p.  449. 
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with  thoee  which  gorero  vital  phenomena;  and  we  have 
inoontrovertible  evidence,  that,  throughout  the  vast  perioda 
over  which  our  observations  have  extended,  the  same  causes 
have  operated,  and  the  same  effects  followed.   Thus,  heat  and 
oold,  drought  and  moisture,  and  other  meteoric  influences, 
have  denuded  the  loftiest  peaks,-^rivuIetB  and  torrents  have 
eroded  the  sides  of  the  mountain-chains,-^streams  and  rivers 
have  channelled  the  plains  and  transported  the  spoils  of  the 
land  into  the  bed  of  the  ocean, — the  waves  of  the  sea  have 
wasted  its  shores,  and  destroyed  the  cliffii  and  rocks  which 
opposed  their  progress, — silt  has  been  changed  into  clay,—* 
calcareous   mud  into  limeBtonef-^sand  into  sandstone,--- 
pebbles  and  shingle  into  conglomerates  and  breccia,-^and 
animal  and  vegetable  renuuns  have  been  imbedded,  and  added 
to  the  mineral  accumulations  of  the  past  ages  of  our  planet. 
Beneath  the  surface,  the  action  of  electro-chemical  forces 
has  been  alike  unintermitting,-«-vegetable  matter  has  been 
converted  into  bitumen,  coal,  amber,  and  the  diamond,-— 
earth  into  cr78talB,«*-limestone  into  marble,— ^lay  into  slate, 
— and  sedimentary  into  crystalline  masses  traversed  by  me- 
talliferous veins ;  the  volcano  has  poured  forth  its  rivers  of 
molten  rock, — the  earthquake  rent  the  solid  crust  of  the 
globe, — ^beds  of  seas  have  been  elevated  into  mountains,-** 
subsidences  of  the  land  and  irruptions  of  the  ocean  have 
taken  place, — and  the  destructive  and  conservative  influences 
of  caloric  and  of  water  have  been  constantly  exerted ;  the 
phases  of  action  have  alone  differed  in  duration  and  intensity. 
'*  Ages  haTe  roU'd  their  course,  and  Time  grown  grey. 
The  earth  ha«  gathered  to  her  womb  again, 
And  yet  again,  the  myriads  that  were  bom 
Of  her  uncounted,  nnremember'd  tribes. 
The  seas  hare  changed  their  beds,— th'  etenal  hills 
Have  stoop'd  with  age,— the  solid  continenU 
Hare  left  their  plaoe,— and  Man's  imperial  works. 
The  toil,  pride,  strength  of  kingdoms,  which  had  flung 
Their  haughty  honours  in  the  face  of  heaven, 
As  if  immorul,  hare  been  swept  away."        Hrnry  Wabi. 
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45.  Strata  oomposbd  of  oboakic  sxicaiks. — ^In  a  pre- 
vious discourse  (Lect.  VI.)  I  dwelt  upon  the  highly  inter- 
esting subject  of  the  elaboration  of  calcareous  and  silicions 
strata  from  gaseous  and  fluid  elements  by  vital  action,  and 
the  formation  of  islands  and  continents  by  the  agency  of 
countless  myriads  of  living  instruments.  Let  us  for  a  mo- 
ment consider  how  fiur  the  present  mineral  constituents  of 
the  earth's  crust  have  been  derived  from  organized  beings. 

The  strata  of  vegetable  origin  consist  of  peat,  of  forests 
ingulfed  by  subsidences  of  the  land,  or  imbedded  in  the 
silt  and  mud  of  rivers  and  deltas,  or  in  the  bed  of  the  ocean, 
— of  the  lignite  and  brown-coal  of  the  tertiary  deposits,— of 
the  coals  and  shales  of  the  carboniferous  strata,— of  the 
fucoid-beds  of  various  ages, — and  of  the  silidfied  and  calcified 
trunks  of  trees  in  the  tertiary,  secondary,  and  upper  palso- 
Eoic  formations. 

But  the  strata  which  consist  wholly,  or  in  a  great  mea- 
sure, of  animal  exuvie  are  so  numerous,  and  of  such  pro- 
digious extent,  that  the  interrogation  of  the  poet  may  be 
reiterated  by  the  philosopher — 

"  Where  \b  the  dust  that  hu  not  been  alive  f  "       Toun o. 
For  there  is  not  an  atom  in  the  crust  of  the  globe  that  may 
not  have  passed  through  the  complex  and  marvellous  labor- 
atory of  life ! 

Thus  we  find  that  all  the  varied  orders  of  animals,  from 
the  Animalcules  up  to  Man,  have  contributed,  more  or  less, 
by  their  organic  remains,  to  swell  the  amount  of  the  solid 
crust  of  the  earth.  The  following  table  presents  a  concise 
view  of  some  of  the  most  obvious  examples  of  this  indisput- 
able fact : — 

Rocks  oomposbd  whollt  or  partly  op  Awiiial  Rbxaihs. 

Strata.  PreraillBff  Orgaaie  Riwaaiiw,  Foraatlooa. 

Graptolite-schists     .    Graptolitea Llandeilo  rocks 

Trinncletis-shales     .    Trilobites Caradoc  rocks 

Pentamerus-rock     ,    Pentamems  lens,  Ac.    .    •    Uandovery  rocks 
Dudley-limestone       ( ^'"^^  brachiopods.    bry- 1  ^^^^  ^^ 
I     ozoa,  cnnoids,  Ac.     •    . ) 
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Gochland-lunestone 

Navicttla-band    .    • 
Bone-bed  .... 

CepfaAlaspis-beds 

CaiUmeee-flegs     .    . 

DeTon-maibles    .    . 

CeloeoU-schiat     .    . 
dymenU-limesUme . 

Cypridiiui-eehist .    . 

Coral  marble  .     .    . 
Encrinital     marble 
and  shales  .    .    . 

Shell-limestone    .    . 

FoBnlina-rock     .    . 

Fiah-beds  .... 

Mnaeel-banas .    .    . 

Iranstone-nodnles    . 
Fiah-ehales     .    .    . 

Zechstein   .    .    .    . 

MoschelkalkorsheU- 
limestone    •    •    . 

Bone-bed  .... 

Ammonite-limestone 

and 
Ammonite-shale    . 

Lias-rock  .... 


PrvfaJUac  OrfMilc  B«nalns> 

Beyhchie,     brachiopods, 

corals,  Ac 

Athyris  nayicnla  .... 
Coprolites,  fish-bones,  Ac . 
Fish-remains     in    nodular  i 

concretions / 

Fish-remains  and  bitumen 
Corals    with    shells    and) 

crinoids j 

Calceolasandalina  and  other ) 

shells f 

Qymenia,  goniatites,  with) 

other  shells,  and  trilobites  i 
Minute      entomostraca, 

shells,  plants,  Ac,    . 
Corals,  brachiopods,  Ac. 


IVmafttloni. 

Wenlock  rocks 

Ludlow  rocks 
Ludlow  rocks 

Old  Red 

Old  Red 

DeTonian 

Deronian 


.1 


Devonian 

Deronian 
Mountain-limestone 


Crinoids,  brachiopods,  Ac.     Mountain-limestone 
Brachiopods,  foraminifer.,  |  jjonntam-lim-tone 

Ac.     .  / 

Fusulina  cylindrica  .    .    .    Mountain-limestone 
Teeth  «.d  .pine,  of  fiA.  |  Mo«,Um.lun«um. 
With  shells  and  corals     .  / 

Freshwater  shells,  such  as )  ^    , 

^.  ,     a.  i  Coal-measures 

anthracosuB,  «c.  ) 

Limali,  insects,  and  shells       Coal-measures 

Palaeoniscus,  &c Coal-measures 

Foraminifera,    entomostra-  \ 

ca,  bryosoa,  corals,  and  >  Permian 

shells  ) 


Shells,  crinoids,  &c. . 


Trias 


Bones,  teeth,  and  coprolites  \ 
of   fishes,  reptiles,    and  >  Triaa 
mammals  (rare)    .    .    .  / 

Ammonites      .....    Lias 


Shells  and  crinoids,  with 
bones   of    reptiles    and 
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Oryphite  limestone 

Cephalopodft'bed 

Shelly  limestone  . 

Stonesfield-oolite 

Caen-stone  and 
Bath-stone  .    .    . 

Forest-marble .    •    . 

Kelloways-rock  .  . 
Coral-rag  .  .  .  . 
Nerinea-limestone    . 

Portland-stone     .    . 

Chert  and  flint  .  < 
Corbula-beds  .  .  . 
Cinder-bed  .  .  • 
Pnrbeck-marble  .  . 
Snaiex-marble  •  • 
Tilgate-stone  (some 

beds) 

Lobster-beds  .  .  . 
Kentish  rag  .  .  . 
Oyster-beds     .    . 

Farringdon  gravel     , 

Ammonite-bed     . 

Giert  and  flint     . 
Greensand  .    .    . 

Hippurite-limestone 

White-chalk   .    . 
Flint      .... 


Gryphms  and  other  shells  .    Lias 

{Remains  of  ammonites  and  \ 
belemnites,  with  AA-n-  J  Oolite 
mains -' 

Teiebratule  and  other  shells     Oolite 
( Shells,  reptiles,  fiehee.  and  1  ^^j.^^ 

I     inaecU ' 

C  Shells,  corals,  crinoids,  i«p- 1  q^j.^ 
I     tiles,  and  fishes    .    .     J 
<D.bri.    of     d-lta.    •chi-|o^,.j, 
I     noderms»  Ac.    .    •        .  ^ 
Ammonites  and  other  eheUs    Oolite 
Corals,  ehdls,fto.      .    .    .    Oolite 
NeriDSBtt  and  other  shells  .    Oolite 
( Terebne,     triffonim.     am- 1  ^^^^ 
\     monites,  and  other  shells ) 

,    Sponges.  &c OoUte 

.    CorbulaB  and  other  shells    .    Pnrbeck 
.    OstrsBa  distorta    ....    Purbeck 
,    Paludinae  and  cypride  .    .    Purbeck 
.    Paludine  and  cyprid*  .    .    Wealden 
( Bones  of  reptiles  and  fishes,  1  ^^j^g„ 
.  \     and  freshwater-shells      . ) 
.    Meyeria  Tectensis     .    .    .    Lower-greensand 
.    TerebratuUe  and  other  Aells    Lower-greensand 
.    Ezogyra,  pUoatnlse,  Ac    .    Lower-freaMiad 
( Sponges,   bryoioa.  ehells.  |  Lo^er-greenasnd 
'  (     echinoderms,  Ac. .    .    . ' 
Fragmentary     ammonites.  \ 
with    other   sheUs,  and  >  Gault 
crustaceans,  wood.  Ac.  .J 
Sponges,  shells,  Ac.      .    .    Uppcr-gwenMni 
(  CMf  Of  ch«nbe»  of  fi«- 1  Upper-greci»«nd 
I     minifera      •    .    .    .    .^ 
(  Hippurites,  radiolites,  and  1  ^^j^ 

I     other  shells / 

/  Sponges,  foraminifera,  bry-  x 
1     ozoa,  echinoderms,  cms- 1  Q%^tv 
i     Ucea,  shells,  fishes,  and! 
^     some  reptiles    .    .    .    .^ 
Sponges.  Ac Chalk 
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SomU.  PrcrmniBf  Orgsaie  BmuIim-  Form/ittoiM. 

/  Sponges,     foraminifera,    v 
M.«trichl^=lulk      .       cor.1^  bryozoa.  echino-  L^^ 
I     derms,  crnstacea,  shells,  ( 
^     fishes,  «nd  reptiles      .    J 
Fuoe-chslk    .    .    .    Biyoxoa,  shells.  &c. .    .    .    Cbalk 

Woolwich  .hen-bed .  {  **£ J*."?""'  ""!  "!^  )  ^^"^ 

(Remains  of  nautili  or  other . 
shellt,  of  fishes,  or  of  |  „ 
mammals,  enclosed  in  i 
ooncretionary  nodules  . ' 
SNummuIites  and  other  fo-% 
raminifera,  with  shells.  (  Eocfne 
fish-remains,  &c.  .     .     .  ) 

.,      ,.          ,             (Alreolinie  and  other  fora-1  _ 
Al»eolai«.rock    .    .|     ^j^.^^ j  Eocene 

^  ,    .  f  Foranuni/em,  biroioa,  and  )  ^ 

Calcaire-grossier  •    •  i     -v  ii-       ^     '  >  Eocene 

Gypsom-beds  of     .  /  Bones  of  mammalia,  birds,  1  „ 
Mommartre    .     .  I     &c 'JEocene 

Indusial  limestone      r  Gases  of  phryganee,  with) 
of  Auvergne     .    .  \     freshwater  shells   ...  1  E«»iie 

Fidi-beds  of  Monte )  ^.  ^ 
Bolca     •    .     .    J^"^^ Eocene 

CKningen-beds    .    •  {  ^I^Se^t  J''"!\'^":  I  ^^^^ 
Palndina-beds  of       1  „  ...        .  „ 

HeadonHill    .     .  |  P*l«dme,  Ac Eocene 

Falnnian  beds  of        /  Foraminifera, bryozoa,  echi-  \  ... 
Tonraine,  Ac.      .  (     noderms,  shells^fishes,  Ac.  /  ***<***'*« 

Subhimalayan  bed. .  (  ^^^  i"*";""*^^*;  '^^  }  Miocene 

{Sponges,     bryozoa,     crus-\  - 
tacea,  echinoderms,  mol-  ?  Pliocene 
luscs,  Ac •' 

Bone-breccia  .     .    .    Mammalia  and  land-shells .    Pliocene 

Bemad-Kmertone    {^',!"*»'  T^  T"*'  }  ^^^^ 
I     shells,  crustaceans,  Ac.  .  / 

GoMialoup.  -  Km.  -  (  «™".  '~°"'  .'"'d^'>«"»- )  ^ 
^j^  1     Ac.,  m  a  debns  of  corals  >  Recent 

'    -    '    '  \     jnd  shells     .    .    .    .     ; 

3  o  2 
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This  list  might  be  enlarged  to  a  much  greater  extent,  for 
I  have  omitted  numerous  strata  in  which  animal  remains 
largely  predominate,  such  as  the  lingula-fiags,  delthyiis- 
shale,  pentremite-limestones,  and  the  annelide-sandstones 
of  Cambrian,  Silurian,  and  Carboniferous  age ;  and  in  the 
tertiary  and  modem  periods  every  order  of  animated  nature 
is  found  to  have  contributed,  more  or  less  largely,  to  the  se- 
dimentary deposits ;  the  bones  of  Man  appearing  only  in  the 
most  recent  accumulations ;  and,  by  the  geological  causes 
now  in  action,  not  only  the  remains  of  the  existing  orders 
of  animals  and  vegetables,  but  also  works  of  human  art,  are 
daily  added  to  the  solid  crust  of  the  globe. 

46.  GiKEKAL  iKFiBiiroxs. — ^Bestrictiug  ourselves  within 
the  bounds  of  legitimate  induction,  and  forbearing  to  specu- 
late on  those  points  which  rest  on  insufficient  or  questionable 
data,  we  may  venture  to  draw  some  general  inferences  as  to 
the  varying  physical  conditions  of  the  surface  of  our  planet, 
and  of  animal  and  vegetable  life,  throughout  the  immense 
periods  contemplated  by  geology. 

From  the  remotest  epoch  in  the  earth's  history  recog- 
nisable by  man,  to  the  present  time,  we  have  seen  that 
the  mechanical  and  chemical  laws  which  govern  inorganic 
matter  have  undergone  no  change.  The  wasting  away  of 
the  solid  rocks  by  water,  and  the  subsequent  deposition  and 
consolidation  of  the  detritus  in  strata,  and  their  metamor- 
phism  by  high  temperature, — the  subsidence  of  the  dry  land 
beneath  the  sea,  and  the  elevation  of  areas  of  the  ocean-bed 
above  the  waters,  and  the  formation  of  new  islands  and 
continents, — ^the  decomposition  of  animal  and  vegetable  sub- 
stances on  the  surface,  and  their  conversion  into  stone  or 
coal,  under  circmmstances  in  which  the  gaseous  principles 
were  confined, — the  transmutation  of  mud  and  sand  into 
rock,  and  of  earthy  minerals  into  crystals, — ^these  physical 
changes  have  been  constantly  going  on,  under  the  influence 
of  those  fixed  and  immutable  laws  established  by  Divine 
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Providence  for  the  mainfcenaiice  and  renovation  of  the  ma- 
terial Universe. 

And,  although  among  the  sentient  beings  which  have  from 
time  to  time  inhabited  the  earth  we  discover  at  successive 
periods  the  appearance  of  new  forms,  which  flourished 
awhile  and  then  passed  away,  while  other  modifications  of 
life  sprung  up,  and  after  the  lapse  of  ages  in  their  turn 
were  annihilated;  jet  the  laws  which  governed  their  ap- 
pearance and  extinction  were  evidently  in  perfect  harmony 
with  those  which  regulate  inorganic  matter.  Every  species 
was  especially  adapted  to  some  peculiar  state  of  the  earth 
at  the  period  of  its  development ;  and,  when  the  physical 
conditions  changed,  and  were  no  longer  favourable  for  the 
continuance  of  that  type  of  organization,  it  became  extinct. 
The  creation  of  Man,  and  the  establishment  of  the  present 
order  of  things,  which  we  are  taught,  both  by  Bevelation 
and  by  natural  records,  took  place  but  a  few  thousand 
years  ago,  are  events  beyond  the  speculations  of  Geology. 

It  follows  froiQ  what  has  been  advanced,  that  both  animate 
and  inanimate  nature,  linked  together  by  indissoluble  ties  of 
mutual  adaption,  have  been  governed  by  the  same  mechanical, 
chemical,  and  vital  laws,  from  the  earHest  geological  epochs* 
to  the  present  time;  and  that  the  absence  of  the  fossil 
remains  of  whole  orders  of  animals  in  the  palaeozoic  ages, 
although,  perhaps,  in  some  measure  attributable  to  the 
feeble  development  of  those  types  of  being,  may  have  been 
occasioned  by  the  obliteration  of  their  remains  in  the  rocks, 
from  the  subsequent  effects  of  high  temperature:  at  the 
same  time  it  must  be  borne  in  mind  that  we  are  examining 
the  beds  of  ancient  oceans,  and  may  not  yet  have  explored 
those  parts  of  the  old  sea-beds  in  which  the  spoils  of  the 
land  are  concealed. 

47.  The  Akcibkt  World.— With  regard  to  the  surface 
of  the  earth  in  the  ancient  periods  comprehended  in  our 
survey,  there  can  be  little  doubt  that  its  physical  geography 


938  THE  W0KDBR8  OF  GBOLOOT.  Lxct,  Vin. 

presented  the  aame  general  features  as  in  later  times ;  and 
that  then,  as  now,  the  land  was  diversified  by  hills  and 
dales,  mountains  and  glens,  volcanic  peaks,  elevated  regions 
of  perpetual  snow,  and  vast  areas  of  eternal  ice, — sterile  and 
sandy  deserts,  and  fertile  alluvial  plams,  irrigated  by  streams 
and  rivers ;  the  only  important  discrepancy  being  the  high 
climatorial  temperature  that  prevailed  over  extensive  areas 
at  certain  epochs,  and  the  corresponding  modifications  in 
the  organic  kingdoms.  (See  above,  pp.  772,  &c.)  But  even 
the  most  remarkable  anomalies  in  the  terrestrial  fiiunas  and 
floras  of  the  palaeozoic  ages  are  not  without  a  parallel  at  the 
present  time. 

Thus  New  Zealand  with  its  peculiar  flora,*  characterized  by 
the  predominance  of  ferns,  dub-mosses,  &c.,  to  the  almost 
entire  exclusion  of  the  graminaceous  tribes, — and  its  mam- 
malian fiiuna,  consisting  of  but  two  very  small  species  of 
quadrupeds  (p.  757), — and  the  bones  of  recently  extinct 
struthious  birds, — ^presents  a  general  correspondence  with  the 
lands  of  the  Carboniferous  and  Permian  periods.f  Australia 

«  See  Medals  of  Creation,  toI.  i.  p.  210. 

t  In  a  general  retrospective  riew  of  this  kind,  the  minor  stibdiTxsicyns 
or  formations  must,  of  course,  be  disregarded ;  and  while  on  this  subject, 
I  would  direct  atleuticm  to  the  following  remarks  of  Mr.  Leonard  Horner 
in  his  Presidential  Address  to  the  Geological  Society,  1847  :  — 

"  By  whatever  names  we  designate  geological  periods,  there  appears 
to  exist  no  clearly  defined  boundaries  between  them  in  reference  to  the 
whole  earth :  such  a  marked  line  may  be  seen  in  particular  localities, 
but  every  year's  experience,  and  our  more  intimate  acquaintance  with 
the  phenomena  exhibited  in  different  countries,  and  with  the  distri- 
bution, structure,  and  habits  of  animals  and  vegetables,  teach  us  that 
there  is  a  blending,  a  gradual  and  insensible  passage  from  the  lowest  to 
the  highest  sedimentary  strata,  particularly  in  respect  of  fossil  remains. 
The  terms  we  employ  to  designate  formations  can  only  be  considered  as 
expressing  the  general  predominance  of  certain  characters,  to  be  used 
provisionally,  as  a  convenient  mode  of  classifying  the  facts  we  collect 
together,  whilst  that  knowledge  is  accumulating  which,  in  after-ages,  will 
unravel  the  complicated  changes  that  belong  to  the  successive  periods 
into  which  the  history  of  the  structure  of  the  whole  earth  may  be 
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and  Van  Biemen's  Land  posBess  a  flora  equally  peculiar  and 
extraordinary,  and  a  fauna  unlike  that  of  any  other  part  of  tho 
world^including  some  of  the  most  anomaloua  of  existing  forms, 
as,  fw  example,  that  marvellous  creature  the  Ornithorhyncus. 
These  countries,  in  the  abundance  and  variety  of  the 
Gycadaceaa,  Arancarise,  ^., — in  the  marsupial  character  of 
the  great  proportion  of  the  mammalia, — and  in  the  tere- 
bratuhe  and  trigonisD,  and  the  cestraciont  fishes/  which 
swarm  in  the  seas  that  wash  their  shores,  approximate  in 
their  organic  relations  more  nearly  to  those  ancient  lands  of 
which  the  triassic  and  Jurassic  beds,  and  especially  the  Stones- 
field-oolite,  are  the  debris  (p.  506),  than  to  any  of  the 
present  regions  of  the  earth.  And  lastly,  we  have  a  reflected 
image,  as  it  were,  of  the  Age  of  Beptiles  of  the  Secondary 
periods  in  the  exclusively  reptilian  character  of  the  quad- 
rupeds of  the  Gkdapagoe  Islands ;  one  species  of  mouse  being 
the  only  indigenous  mammal.* 

"This  Archipelago/'  observes  Mr.  Darwin,  "is  a  little 
world  within  itself:  most  of  the  organic  productions  are 
aboriginal  creations,  found  nowhere  else.  Seeing  every 
height  crowned  with  its  crater,  and  the  boundaries  of  most 
of  the  lava-streams  still  distinct,  we  are  led  to  believe  that 
within  a  period  geologically  recent,  the  unbroken  ocean  was 
here  spread  out.  Hence,  both  in  time  and  space,  we  seem 
to  be  brought  somewhat  near  to  that  great  fact — ^that 
mystery  of  mysteries, — ^the  first  appearance  of  new  beings 
on  this  earth.'* 

These  Islands  swarm  with  herbivorous  marine  reptiles, 
allied  to  the  Iguanids,  which  are  known  in  no  other  part 
of  the  world,  and  they  are  as  completely  distinct  from  all 

dtrided.'*  See  also  Mr.  Hamilton's  remarki  on  the  same  subject,  at  the 
conclusion  of  his  Anniversary  Address  to  the  Geological  Society,  1855. 

*  The  Galapagos  Archipelago  is  a  group  of  Tolcanio  islands  aituattnl 
under  the  Equator,  and  between  five  and  six  hundred  miles  westward  of 
the  American  coast.  See  Mr.  Darwin's  "  Journal  of  a  Voyage  round  the 
World,**  chap.  xrii. 
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other  existing  reptiles,  as  are  the  extinct  Ignanodon  and 
MegalosauruB.  The  flora,*  too,  contains  more  than  a  hun- 
dred plants  unknown  elsewhere.  There  is  not  a  fauna  or 
flora  in  anj  of  the  ancient  geological  periods  that  presents 
greater  anoinalies.t 

The  organic  relations  between  the  countries  above  men- 
tioned and  their  geological  analogues,  maj  be  thus  ex- 
pressed : — 

HooBEH  Period.  Prixart  amd  Seoomdart  Periods. 

*, -.  .  t  Countries  of  the  Cinrboniferout  and  Ptrmitm  periotU, 

riBW  ZEALAND   .    '  .    j.      ^    j  i.      ^       ..         •     • 

(     as  indicated  by  fossil  remains. 
.  (The  lands  whence  the  TWosne  and  JuroMtk  strata 

AUSTRAUA    .      .    4  ji     •      J 

(     were  denred. 

.      p  /  The  Ck>untr7  of  the  Iguanodon^  and  the  refdons  that 

.  (     supplied  the  detritus  that  fonned  the  flnrio-marine 

Archifelaoo   I       ,   T     - ,,  J       a        --^ 

^     strata  of  the  upper  secondary  deposits. 

In  this  point  of  view  the  Country  of  the  Iguanodon  and 
the  Age  of  Beptiles  may  be  considered  as  merely  disclosing 
exaggerated  eflects  of  the  organic  law  which  imparted  to  the 
&ima  of  the  Galapagos  Islands  its  reptilian  character. 

If  the  ancient  philosophers,  ere  the  discoveries  of  Colum- 
bus had  opened  the  New  World  to  the  European  mind,  had 
found  in  a  fossil  state  such  collocations  of  animals  and 
plants  as  are  presented  by  New  Zealand,  Australia,  and  the 
Galapagos  Islands,  how  impossible  it  would  have  been  for 
them,  by  any  comparison  with  existing  nature  within  their 
circumscribed  geographical  boundary,  to  have  imagined  that 
such  assemblages  of  animated  beings  could  exist  contem- 
poraneously with  themselves.    In  £eu^,  the  present  geo- 

*  An  enumeration  of  the  plants  of  the  Galapagos  Archipelago,  by 
Dr.  J.  D.  Hooker,  is  published  in  the  Linnsean  Transactions,  vol.  xxi.  for 
1847,  page  163;  and  by  the  same  author  "On  the  Vegetation  of  the 
Galapagos  Archipelago,"  op,  eii.  p.  235.  Out  of  253  species  of  plants; 
123  species  are  unknown  in  any  other  part  of  the  world. 

t  See  Appendix  E. 
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graphical  distributioii  of  animals  and  plants  affords  as  many 
ezoeptionB  to  the  general  role  of  climatorial  influence,  in  the 
relative  number  and  importance  of  different  orders  of  ani- 
mals and  vegetables,  as  are  to  be  found  in  the  vestiges  of 
an  earlier  world.* 

If  we  define  on  a  map  of  the  globe  those  areas  of  which 
the  geological  structure  is  known  from  actual  observation, 
we  shall  at  once  perceive  how  small  a  proportion  of  the 
earth's  crust  has  been  examined  by  the  scientific  observer ; 
how  large  a  part  of  the  surfiice  above  the  water  is  concealed 
by  perpetual  ice  and  snow,  and  is  otherwise  inaccessible  to 
philosophical  research ;  and  that  three-fifths  of  the  entire 
surface  of  our  planet  are  buried  beneath  the  waves.  These 
fiuta  are  highly  suggestive: — they  teach  us  that,  notwith- 
standing the  immense  accumulation  of  observations  made  in 
all  parts  of  the  earth,  the  data  hitherto  obtained  are  in- 
sufficient to  afford  a  true  picture  of  the  full  development 
of  organic  life,  as  it  existed  in  the  most  ancient  periods. 

In  considering  these  questions,  it  must  too  be  remarked, 
that,  notwithstanding  the  differences  in  the  general  physiog- 
nomy of  the  earliest  and  latest  faunas,  there  are  certain 
types  common  to  both.  Thus,  though  Orthoceratites, 
Lituites,  Ooniatites,  &e,y  represent  the  cephalopodous  mol- 
luscs in  the  palaeozoic  seas,  yet  these  are  associated  with 
true  Nautili ;  in  like  manner,  with  the  extinct  Brachiopoda, 
the  Spiriferi,  LeptsBnsB,  &c.,  are  found  species  of  the  still 
existing  genera  of  Terebratula,  Crania,  and  Lingula.  So 
also,  in  the  tertiary  period,  existing  genera  of  mammalia 
and  of  terrestrial  reptiles  were  contemporaneously  inhabit- 
ants of  the  land  with  the  extinct  Mastodons  and  other 
Pachyderms,  and  the  colossal  Tortoises,  ^.    Prom  these 

•  See  Bergfaaufl's  aod  Johnston's  Physical  Atlas ;  and  the  ingenious 
maps  of  the  Geographical  Distribution  of  existing  Animals  and  Plants, 
in  the  delightful  work  of  that  accomplished  authoress,  Miss  Rosina 
Zomlin,  entitled  Researches  in  Physical  Geography,  or  the  Earth  as  it  is. 
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considerationa  we  may  infer,  that  throughout  all  geological 
time  the  changes  on  the  earth's  surfaoe  have  been  subser- 
vient to  the  same  physical  and  organic  laws ;  and  that  the 
paroxysmal  terrestrial  disturbances,  though  apparently  in 
the  earlier  ages  involving  larger  areas,  and  operating  with 
greater  violence,  than  the  volcanic  eruptions  and  earth- 
quakes of  later  periods,  did  not  affect  the  established  order 
of  organic  life  upon  the  sur&ce  of  the  globe ;  and  we  may 
also  conclude,  that  throughout  the  innumerable  ages  indi- 
cated by  the  sedimentary  formations,  there  was  at  no  period 
a  greater  anomaly  in  the  assemblages  of  animals  and  vege- 
tables on  particular  regions  than  exists  at  the  present 
time.* 

48.  CoBOLLABT. — Thus  the  general  result  of  our  in- 
quiries into  the  ancient  condition  of  the  earth  proves  that 
the  changes  produced  by  mechanical,  chemical,  and  vital 
agency,  whether  on  the  surface  or  in  the  interior,  have  been 
the  same  throughout  all  the  periods  revealed  by  Oeology ; 
and,  as  like  causes  must  produce  like  effects,  will  continue 
so  long  as  the  present  material  system  shall  endure. 

Hence,  deposits  now  in  progress  may  subside  to  the  in- 
nermost regions  of  the  globe,  and  from  exposure  to  intense 
heat,  under  great  pressure,  all  traces  of  sedimentary  origin 
may  be  obliterated ;  and  at  some  future  period  these  meta- 
morphosed rocks  may  be  elevated  above  the  surface,  and 
appear  as  peaks  of  granite,  or  as  crystalline  mountain-chains, 
rising  from  beneath  strata  teeming  with  organic  remains. 

I  cannot,  therefore,  concur  in  the  generally  received 
opinion,  that  in  the  most  ancient  granite  accessible  to  human 
observation,  we  see  the  primeval  framework  of  our  globe — 

*  Hence  the  so-called  Picturesque  Sketches  of  Crefttion, — ^the  An- 
cient Worlds,— the  Vestiges  of  Creation,— the  Romance  of  Geology, — 
and  other  works  Of  a  like  natnro,  are  in  relation  to  the  philosophy  of 
Geology  what  the  historical  norels  and  romances  are  to  History — 
medleys  of  facts  and  fictions. 
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the  consolidated  crust,  formed  on  the  sarfiice  of  a  cooling 
planet,  and  subsequently  broken  up  bj  the  subsidences  and 
contractions  induced  by  continued  refrigeration.  The  only 
legitimate  inference  in  the  present  state  of  our  knowledge 
appears  to  be  this, — that,  as  at  a  certain  depth  the  beds  of 
mineral  matter,  whether  of  alluvial  or  of  volcanic  origin, 
may  become  so  entirely  changed  in  structure  and  composi- 
tion as  to  afford  no  certain  data  of  their  original  nature, 
therefore,  for  aught  we  know  to  the  contrary,  this  world 
may  have  been  teeming  vrith  life  innumerable  ages  ere  the 
formation  of  the  most  ancient  granitic  rocks  of  which  we 
can  take  cognizance. 

49.  FniAL  Effects. — In  fine,  Geology  does  not  reveal 
to  us  the  first  creation  of  animated  beings ;  it  does  not  afford 
any  physical  evidence  of  a  beginning ;  it  does  not  warrant 
the  attempt  to  explain  the  miraculous  interpositions  of 
Providence  by  the  operation  of  natural  laws ;  but  it  unfolds 
to  us  a  succession  of  events,  each  so  vast  as  to  be  beyond 
our  finite  comprehension,  yet  the  last  as  evidently  foreseen 
as  the  first.  It  instructs  us  "  that  tee  are  placed  in  ike 
middle  of  a  scheme, — not  a  fixed,  but  a  progreuive  one, — 
every  way  incomprehensible — incomprehensible  in  a  measure 
equally  with  respect  to  what  has  been,  what  now  is,  and  what 
shall  be  hereafter:'* 

This  new  volume  of  Natural  Beligion  which  Qeology  has 
supplied  has  been  so  ably  illustrated  by  the  late  Dean  of 
Westminster,  t  that  we  need  not  dwell  on  the  evident 
adaptation  of  the  successive  tribes  of  living  bemgs,  through 
indefinite  periods,  to  the  varying  physical  conditions  of  the 
earth,  and  by  which  its  surface  was  ultimately  fitted  for  the 
abode  of  the  human  race.  Thus  the  infusoria  lived  and  died 
in  countless  myriads,  and  produced  the  tripoli  and  the  opal; 
river-snails  and  marine  mollusks  secreted  the  marbles,  and 
coral-polypes  the  limestones,  with  which  we  construct  our 

•  Blihop  Butler.  t  Bridgewater  Treatise. 
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edifices  and  oniament  our  temples  and  palaces ;  and  herb, 
plant,  and.  tree  have  been  conrerted  either  into  a  material 
to  enrich  the  soil,  or  changed  into  a  combustible  mineral,  to 
serve  as  a  fuel  in  after-ages,  when  such  a  substance  became 
indispensable  to  the  necessities  and  luxuries  of  drilised  man. 
Hence  a  new  interest  has  been  thrown  around  everj  grain 
of  sand,  and  every  blade  of  grass ;  and  the  pebble  rejected 
bj  the  Divine,  as  affording  no  evidence  of  design,  becomes 
in  the  hands  of  the  Geologist  a  striking  proof  of  Infinite 
Wisdom* 

But  ought  we  to  rest  content  in  the  assumption  that  all 
these  wonderful  manifestations  of  Creative  Intelligence  were 
solely  intended  to  contribute  to  our  physical  necessities  and 
gratifications  ? — Say,  rather,  that  this  marvellous  display  of 
beauty,  power,  and  goodness  was  designed  to  fill  the  soul 
with  high  and  holy  thoughts,  to  call  forth  the  exercise  of 
our  intellectual  powers,  to  excite  in  us  those  ardent  and 
lofty  aspirations  after  truth  and  knowledge,  which  elevate 
the  mind  above  the  sordid  and  petty  concerns  of  life,  and 
give  us  a  foretaste  of  that  high  destiny  which  we  are  per- 
mitted to  hope  will  be  our  portion  hereafter ! 

50.  CoircLUDnro  Eemabks. — Having  thus  endeavoured 
to  interpret  the  natural  records  of  the  earth's  physical 
history,  and  traced  the  succession  of  geological  periods,  each 
embracing  indefinite  ages  of  long  duration,  and  the  muta- 
tions in  the  organic  kingdoms  of  nature  coincident  with  the 
varying  conditions  of  the  lands  and  waters — mutations 
governed  by  laws  with  which  we  are  but  very  imperfectly 
acquainted, — let  us  finally  contemplate  the  relations  of  our 
planet  to  the  innumerable  worlds  around  us.  For,  while 
Astronomy  suggests  that  our  solar  system  once  existed  as  a 
diffused  mass  of  vapour  or  nebulosity,  which,  passing  through 

*  Paley.  This  remark  alludes  to  the  celebrated  argument  of  this 
distinguished  author,  on  a  watch  and  a  stone,  in  the  first  page  of  his 
Treatise  on  Natural  Theology. 
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BucoeBriye  phases  of  condensation,  at  length  separated  into 
a  central  luminary  with  its  attendant  planets  and  sateUites 
(see  p.  41)  ;  she  iJso  instructs  us,  that  this  system  is  but  an 
inconsiderable  cluster  of  orbs  in  regard  to  the  assemblage  of 
stars  to  which  it  belongs,  and  of  which  the  Milky»wa^  is, 
as  it  were,  a  girdle,  our  system  being  placed  in  the  outer  and 
less  stellular  part  of  the  zone.* 

But  the  astounding  thought,  that  all  our  yisible  Universe 
is  but  an  aggregation,  a  single  group  of  suns  and  planets, 
which  to  the  inhabitants  of  the  remote  regions  that  can  be 
distinguished  only  by  our  telescopes  would  seem  but  a  mere 
luminous  spot,  like  one  which  lies  near  the  outermost  range 
of  observation,  and  appears  to  be  a  fac-simile  of  our  own, 
— impresses  the  mind  with  the  most  intense  feelings  of 
awe,  of  humility,  and  of  adoration  of  that  Supreme  Being, 
to  whom  worlds,  and  suns,  and  systems  are  but  as  the  sand 
on  the  sea-shore ! 


•  "  Awake,  my  soul, 


And  meditate  the  wonder !  Countlees  snna 

Blaze  round  thee,  leading  forth  their  countless  worlds ! 

Worlds  in  whose  bosoms  living  things  rejoice. 

And  drink  the  bliss  of  being  from  the  fount 

Of  all-penrading  Love  I  What  mind  can  know. 

What  tongue  can  utter  all  their  multitudes, 

Thus  numberless  in  numberless  abodes  ? 

Known  but  to  thee,  blest  Father !  Thine  they  are. 

Thy  children,  and  thy  care,— and  none  o'erlooked 

Of  Thee!"  Ware. 

Again,  when  conducted  by  our  inyestigations  to  the 
invisible  Uniyerse  beneath  us,  the  Milky-way  and  the  Fixed- 
stars  of  animal  and  vegetable  life,  which  the  microscope 
reveals  to  us,  we  are  alike  overpowered  by  the  contemplation 
of  the  minutest,  as  of  the  mightiest,  of  His  works !  And  if, 
as  an  eminent  philosopher  has  observed,  our  planetary 

*  See  Wheweirs  Bridgcwater  Treatise. 
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syvtem  was  gradually  eTolred  from  a  primeval  condition  of 
matter,  and  contained  within  itself  the  el^nents  of  each  sub- 
sequent change,  still  we  know,  that  everj  physical  pheno- 
menon which  haa  taken  place,  from  first  to  last,  has  emanated 
from  the  immediate  will  of  the  Peity. 


VALEDICTION. 


With  these  remarks  I  take  farewell  of  the  reader  who  has 
accompanied  me  through  this  attempt  to  combine  a  general 
view  of  geological  phenomena  with  a  familiar  exposition  of 
the  inductions  by  which  the  leading  principles  of  the  science 
have  been  established.  And,  if  I  have  succeeded  in  ex- 
plaining in  a  satisfactory  manner  how,  by  laborious  and 
patient  investigation,  and  the  successful  application  of  other 
branches  of  Natural  Philosophy,  the  "  Wonders  of  Oeology'' 
have  been  revealed, — if  I  have  removed  from  but  one  intel- 
ligent mind  any  prejudice  against  scientific  inquiries,  wh'ch 
may  have  been  excited  by  those  who  have  neither  the  relish 
nor  the  capacity  for  philosophical  pursuits, — ^if  I  have  been 
so  fortunate  as  to  kindle  in  the  hearts  of  others  that  intense 
desire  for  the  acquisition  of  natural  knowledge  which  I  feel 
in  my  own, — or  have  illumined  the  mental  vision  with  that 
intellectual  light  which,  once  kindled,  can  never  be  ex- 
tinguished, and  which  reveals  to  the  soul  the  beauty,  and 
wisdom,  and  harmony  of  the  works  of  the  Eternal,  I  shall 
indeed  rejoice,  for  then  my  exertions  will  not  have  been  in 
vain.  And,  although  my  name  may  be  soon  forgotten,  and 
all  record  of  my  labours  be  effaced,  yet  the  influence  of  that 
knowledge,  however  feeble  it  may  be,  which  has  emanated 
from  my  researches,  will  endure  for  ever,  and,  by  condncting 
to  new  and  inexhaustible  fields  of  inquiry,  prove  a  never- 
failing  source  of  the  most  pure  and  elevated  gratification. 
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For  it  is  the  peculiar  cliarm  and  privilege  of  Natural 
Philosophy,  that  it 


*  Can  80  infonn 


The  mind  that  is  within  iu, — so  impress 

With  quietness  and  beauty, — and  so  feed 

With  lofty  thoughts,— that  neither  evil  tonf^ies, 

Rash  judgments,  nor  the  sneers  of  selfish  men, 

Nor  greetings  where  no  kindness  is,  nor  all 

The  dreary  intercourse  of  common  life, 

Can  e'er  prerail  against  us,  or  disturb 

Our  cheerful  faith,  that  all  which  we  behold 

Is  full  of  blessings  I "  Wobdswortb. 

But  transcendent  as  are  the  privileges  which  science  con- 
fen,  the  true  philosopher  feels,  irith  the  deepest  humiliation, 
Uiat  it  is  neither  in  the  acquisition  of  knowledge,  nor  in 
the  perception  of  the  true  and  of  the  beautiful, — even  were 
tliat  perceptive  knowledge  exalted  infinitely, — ^that  human 
liAppiness  can  find  a  resting-place,  or  the  cravings  of  the 
immortal  mind  be  satisfied.  Every  step  leads  on  the  im- 
patient inquirer  to  one  beyond  itself.  *'  The  nicest  mecha- 
nical arrangement  of  the  particles  of  matter  does  but  compel 
Qa  to  contemplate  those  subtler  agents  by  whose  action 
magnetic  relations  and  chemical  affinities  are  next  developed. 
Exhaust  their  range,  and  still  there  is  palpably  beyond  them 
the  mystery  of  the  vital  powers.  Follow  that  to  its  highest 
SGfuroe,  and  yet  we  have  but  reached  the  first  limits  of  those 
mightier  energies,  of  reason^  conscience,  and  volition,  of  which 
we  feel  within  ourselves  the  living  action.  And  here,  where 
the  darkness  which  may  be  felt  presses  most  heavily  upon 
the  inquiring  soul, — ^here  in  seeking  to  know  the  Cause  of 
causes, — here  alone  can  there  be  any  repose  for  the  immortal 
spirit.  Only  on  Hnc  who  made  him,  can  Man  rest  at  last 
the  burden  of  his  awful  being  ! " 

*  Bishop  Wilberlbrce.  Sermon  preached  before  (he  Univenity  of 
Oxford,  June  27,  I  47. 
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STTPPLBMENTAHT  NOTES. 

iu  Tage  883. — ^Thx  subject  of  the  origin  of  Crystals,  as  indicated 
by  the  nature  of  their  enclosed  cavities,  and  as  bearing  on  the  formatiGn 
of  granite,  is  of  so  great  an  interest  that  the  following  abstract  of 
Mr.  Sorby's  paper  (read  before  the  Geological  Society,  Dec.  2, 1857), 
"  On  some  peculiarities  in  the  Microscopical  Structure  of  Ciyntals, 
i^plicable  to  the  determination  of  the  Aqueous  or  Igneous  Origin 
of  Minerals  and  Ex)cks,"  is  here  given. 

In  this  paper  the  author  showed,  that,  when  artificial  crystals  are 
examined  with  the  microscope,  it  is  seen  that  they  have  often  caught 
up  and  enclosed  within  their  solid  substance  portions  of  the  material 
surrounding  them  at  the  time  when  they  were  being  formed.  Thus, 
if  they  are  produced  by  sublimation,  small  portions  of  air  or  yapour 
are  caught  up,  so  as  to  form  apparently  empty  cavities ;  or  if  they 
are  deposited  from  solution  in  water,  small  quantities  of  water  aie 
enclosed,  so  as  to  toTrnJluid-caviiiet,  In  a  similar  manner,  if  crystals 
are  formed  from  a  state  of  igneous  fusion,  crystallizing  out  from  a 
fnsed-stone  solvent,  portions  of  this  fused  stone  become  entangled, 
which,  on  cooling,  remain  in  a  glassy  condition,  or  become  stony,  so 
as  to  produce  what  may  be  called  ^Aim-  or  Hons-eavitieg.  All  these 
kinds  of  cavities  can  readily  be  seen  with  suitable  magnifying  powers, 
and  distinguished  from  each  other  by  various  definite  peculiarities. 

From  these  and  other  facts,  the  following  conclusions  were  de- 
duced : — 

1.  Crystals  containing  only  cavities  with  water^were  formed  from 
solution. 
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2.  Cryiitala  ooDtaining  only  stone-  or  glass-Cftyities  were  formed 
from  a  state  of  igneous  fosion. 

3.  Crystals  contaming  both  water-  and  stone-  or  glass-cavities  were 
formed,  under  great  pressure,  by  the  combined  influence  of  highly 
heated  water  and  melted  rock. 

4.  That  the  amount  of  water  present  in  the  cavities  may,  in  some 
cases,  be  employed  to  deduce  the  temperature  at  which  the  crystals 
were  fonned. 

5.  Ciystals  containing  only  empty  cavities  were  formed  by  sub- 
Hmation,  unless  the  cavities  are  fluid-cavities  that  have  lost  their 
fluid,  or  are  bubbles  due  to  fusion. 

6.  Crystals  containing  few  cavities  were  formed  slowly,  in  com- 
pazisonwith  those  of  the  same  material  that  contain  many. 

7.  Crystals  that  contain  no  cavities  were  formed  very  slowly,  or 
by  the  cooling  from  fusion  of  a  pure,  homogeneous  substance. 

Applying  these  general  principles  to  the  study  of  natund  crys- 
talline minerals  and  rocks,  it  was  shown  that  the  fluid-cavities  in 
rock-salt, — ^in  the  calcareous  spar  of  modem  tufaceous  deposits,  of 
veins,  and  of  ordinary  limestone, — ^and  in  the  gypsum  of  gypseous 
maris,  indicate  that  these  minerals  were  formed  by  deposition  from 
solution  in  water  at  a  temperature  not  materially  different  from  the 
ordinary.  The  same  conclusions  apply  to  a  number  of  other  minerals 
in  veins  in  various  rocks,  and  to  many  zeolites.  The  constituent 
minerals  of  mica-schist  and  the  associated  rocks  contain  many  fluid- 
cavities,  indicating  that  they  were  metamorphosed  by  the  action  of 
heated  water,  and  not  by  mere  dry  heat  and  partial  fusion. 

The  structure  of  the  minerals  in  erupted  lava  proves  that  they 
were  deposited  from  a  mass  in  the  state  of  igneous  fusion,  like  the 
crystab  in  the  slags  of  furnaces ;  but,  in  some  of  those  found  in 
blocks  ejected  from  volcanos  (for  example,  in  nepheline  and  meionite), 
there  are,  besides  stone-  and  glass-cavities,  many  containing  water, 
the  relative  amount  of  which  indicates  that  they  were  formed,  under 
great  pressure,  at  a  dull  red  heat,  when  both  liquid  water  and  melted 
rock  were  present.  The  fluid-cavities  in  these  aqueo-igneous 
minerab  very  generally  contain  minute  crystals,  as  if  they  had  been 
deposited  on  cooling  from  solution  in  the  highly  heated  water.  The 
minerals  in  trappean  rocks  have  also  such  a  structure  as  proves 
them  to  be  of  genuine  igneous  origin,  but  they  have  b^en  much 

3  p 
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altered  by  the  sabsequent  action  of  water,  and  many  mineralw  formed 
in  the  minute  cayities  by  deposition  from  solution  in  water. 

The  quarts  of  quartz-yeins  has  a  structure  proving  that  it  has 
been  rapidly  deposited  from  solution  in  water :  and  in  some  instances 
the  relative  amount  of  water  in  the  fluid-cavities  indicates  that  the 
heat  was  considerable.  In  one  good  case  the  temperature  thus 
deduced  was  165*  C.  (329<^  F.)  ;  and  apparently,  when  the  heat  was 
still  greater,  mica  and  tinstone  were  deposited,  and  in  some  oases 
probably  even  febpar.  There  is  then,  as  has  been  argued  by  M. 
Elie  de  Beaumont,  a  gradual  passage  from  quarts-veins  to  those  of 
granite,  and  to  granite  itself;  and  there  is  no  such  distinct  line  of 
division  between  them  as  might  be  expected  if  one  was  a  deposit 
from  water,  and  the  other  a  rock  that  had  been  in  such  a  state  of 
pure  igneous  fusion  as  the  slags  of  our  furnaces  or  the  erupted  lavas. 
When  the  constituent  minerals  of  solid  granite,  far  from  contact  with 
the  stratified  rocks,  are  examined,  it  b  seen  that  they  abo  contain 
fluid-cavities.  This  is  especially  the  case  with  the  quarts  of  coarse- 
grained, highly  quartzose  granites,  in  which  there  are  so  many,  that 
the  proportion  of  a  thousand  millions  in  a  cubic  inch  is  not  at  all  un- 
usual ;  and  the  enclosed  water  constitutes  from  one  to  two  per  cent, 
of  the  volume  of  the  quartz.  However,  besides  these  fluid-cavities, 
the  felspar  and  quartz  contain  excellent  stone-cavities,  precisely  ana- 
logous to  those  in  the  crystals  of  slag,  or  erupted  lavas  ;  and  thus 
the  characteristic  structure  of  granite  is  seen  to  be  the  same  as  that 
of  those  minerab  formed  under  aqueo-igneous  conditions  in  the 
blocks  which  are  ejected  from  modem  volcanos ;  and  the  very  com- 
mon occurrence  of  minute  crystab  inside  the  fluid-cavities  still 
further  strengthens  thb  analogy. 

The  conclusion  to  which  these  facts  appear  to  lead,  b  that  granite 
b  not  a  simple  igneous  rock,  like  a  furnace-slag,  or  erupted  lava,  but 
b  rather  an  aqueo-iffneous  rock,  produced  by  the  combined  influence 
of  liquid  water  and  igneous  fusion,  under  similar  physical  conditions 
to  those  exbting  far  below  the  surface  at  the  base  of  modem  volcanos. 

These  deductions  of  the  author,  therefore,  strongly  conflrm  the 
views  of  Scrope,  Scheerer,  and  Elie  de  Beaumont ;  and  he  agrees 
with  them  in  considering  it  probable  that  the  presence  of  the  water 
during  the  consolidation  of  the  granite  was  an  instrumental,  if  not 
the  actual  cause  of  the  difference  between  granite  and  erupted 
trachytic  rocks. 
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B.  Paffe  901.-^LooAV-  ok  KOCKiKCkSTomsft. — In  that  most  buo- 
oesafiil  of  all  the  attempts  to  clothe  science  in  the  garb  of  fancy, 
— ^Dr.  Paris's  delightful  Yolnme  called  "  Philoiopky  in  Spori  modi 
Scimee  in  Sentest,'* — ^there  is  an  interesting  account  of  the  roetingf- 
sionei  of  Cornwall,  which  the  antiquaries  of  the  last  century  claimed 
as  Druidical  monuments,  bat  which  haye  originated  in  the  natural 
cauiies  explained  in  the  following  description  of  the  celebrated  Logan- 
or  logging-stone,  near  the  Land's  End : — 

"  The  foundation  of  this  part  of  the  coast  of  Cornwall  is  a  stupend- 
ous group  of  granite  rocks,  which  rise  in  pyramidal  clusters  to  a 
great  altitude,  and  orerhang  the  sea.  The  celebrated  Logan-stone 
is  an  immense  block,  weighing  above  sixty  tons.  The  surface  in 
contact  with  the  under  rock  is  of  very  small  extent,  and  the  whole 
mass  is  so  nicely  balanced,  that,  notwithstanding  its  magnitude,  the 
strength  of  a  sin^  man  applied  to  its  under  edge  is  sufficient  to 
make  it  oscillate.  It  is  the  nature  of  granite  to  disintegrate  into 
rhomboidal  and  tabular  masses,  which,  by  the  further  operation  of 
air  and  moisture,  gradually  lose  their  solid  angles,  and  approach  the 
spheroidal  form.  The  fact  of  the  upper  part  of  the  diff  being  more 
exposed  to  atmospheric  agency  than  the  parts  beneath  will  sufficiently 
explain  why  these  rounded  masses  so  frequently  rest  on  blocks 
which  still  preserve  the  tabular  form;  and  since  such  tpkeroidal 
blocks  must  obviously  rest  in  that  position  in  which  their  lesser 
axes  are  perpendicular  to  the  horizon,  it  is  equally  evident  that, 
whenever  an  adequate  force  is  applied,  they  must  vibrate  on  their 
point  of  support.*'    Pkilo9opky  in  Spori,  sixth  edition,  p.  465. 

C.  Poffe  918.— The  Bcv.  J.  B.  Beade,  F.B-S.  &c.,  ok  Fossil  Ik- 
FUsoBiA  IN  Mica. 

In  a  letter  to  the  Author,  in  reply  to  an  inquiry  respecting  the 
poesibility  of  the  existence  of  the  organic  structure  in  granite,  the 
Rev.  J.  B.  Reade,  after  referring  to  his  previous  observations  on  the 
indestructibility  by  heat  of  some  of  the  siUcious  and  calcareous 
structures  of  the  higher  plants  (see  p.  716),  and  pointing  out  that 
the  silidous  parts  of  the  DiatomacesD  and  of  some  of  the  Protosoa 
also  retain  their  forms  and  characters  after  exposure  to  fire, — re- 
marked as  follows : — "  My  original  inquiry  having  thus  conducted 
me  to  the  conclusion,  that  iiliciatu  orgamtaium  it  noi  de$truciibU  hy 
the  offeneg  ofheai,  I  thought  it  not  unreasonable  to  infer  that  a  care- 
3  F  2 
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fid  uid  more  extexided  micioaoopical  examinatioii  into  the  oondition 
of  silica  inight  lead  to  the  disooyeiy  of  elementarj  organic  forms 
eyen  in  the  primitiye  strata  themselyes.  It  was  obyiooBly  not 
necessary  to  exclude  granite  from  this  examination,  nnder  the  com- 
mon and  apparently  natoral  impression,  that  the  igneous  fusion  which 
preceded  the  present  arrangement  of  its  particles  would  destroy 
every  trace  of  organization ;  for  I  had  before  me  too  many  manifest 
proofs  that  an  intense  white  heat,  though  capable  of  fusing  glass,  was 
incapable  of  effecting  any  change  m  the  minute  silicious  organiza- 
tion both  of  plants  and  diatoms.  Moreover  there  appeared  to  be  a 
strong  suspicion  in  some  minds  that  every  successive  surface  of  oor 
globe  had  been  characterised  by  its  own  minute  living  forms ;  and 
you  yourself  had  more  than  once  contended  for  the  existence  of  life 
during  the  granitic  period.  To  give  a  reality,  however,  to  hfrtl 
amdiium,  thus  pronounced  to  he  ]frobaiie,we  must  discover  siUcions 
skeletons  or  shields  even  in  granite  itself.  But  here  arises  a 
difficulty  which  it  will  baffle  our  utmost  ingenuity  to  remove ;  for, 
though,  on  the  one  hand,  I  met  with  silicious  corpuscules  in  the 
primitive  rocks,  and  find,  on  the  other  hand,  that  the  indestructible 


Uew.  111.— Mnnm  vlat  cxwboulm  bosiw  xv  mica. 

CbtTwponJiBt  ta  •!••  tad  app— rmo  wltb  the  ring*  of  OAJLUOirKLLA  DISTAV^ 
MagiUlled  abovt  100  Unm  Unemr. 

riNM0Mr«l  flMi  4rMni  ty  ia«  Jt«v. /.  A.  JtMi*.; 

organic  skeletons  of  recent  Infusoria  exhibit,  even  under  a  power 
of  900  linear,  a  striking  similarity  of  form,  yet  the  entire  absence 
of  external  structure  precludes  me  from  assigning  a  common  origin 
to  the  ancient  and  recent  organisms.  Still,  the  inquiry,  even  in  its 
present  state,  is  far  from  being  fruitless ;  for  it  cannot  be  a  matter 
of  surprise,  that  immense  mountain-masses  should  have  been  fomid 
to  consist  of  an  aggregation  of  symmetrical  bodies  between  j^  and 
iilvv  of  an  inch  in  diameter,  articulated  together  in  the  form  of  rings 
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as  in  chalk  {Liffn,  213),  or  of  slender  threads,  as  in  limestone  and 
the  quartz  of  granite,  and  that  an  exact  counterpart  of  this  curious 
structure  in  the  mineral  kingdom  should  he  exhihited  in  the  veget- 
able bj  the  mouldiness  of  paste  and  the  QaUionellaferruginea,** 


Liow.  tia.— TiM  deniCBUrj  iiMdccalM  of  Chalk,  artieiilated  in  the  f6rm  of  ring*,  entire 
■ad  in  ih^menu.   *TktB09,J.B.Rmi:) 

(lUcaifloil  nbont  fiOO  dtnm.) 

The  Rev.  J.  B.  Reade,  in  a  courteous  reply  to  the  Editor's  in- 
qoirj  on  some  points  of  the  interesting  researches  detailed  above, 
states  that — 

**  Some  of  the  discoid-looking  spots  which  I  observed  in  granite 
mi^ht  poitiblf  have  been  the  minute  air-  or  water-cavities  of  Sorby 
(see  p.  883) ;  but  those  discovered  in  mica  (and  figured  by  Mantell) 
had  too  much  the  appearance  of  silicious  organic  structure  to  allow 
me  to  confound  them  with  such  cavities." 

The  JUgn,  213  exhibits  another  interesting  result  of  the  Rev.  Mr. 
fieade's  microscopical  researches  in  the  minute  structure  of  rocks, 
and  was  published  in  the  first  edition  of  the  "  Wonders  of  Geology." 
Although  at  first  regarded  as  being  illustrative  of  the  occurrence  of 
infusorial  organisms  in  the  chalk,  these  beaded,  discoid,  and  ring-like 
bodies  are  more  probably  the  result  of  the  disintegration  of  the  shells 
of  Eoraminifera  (as  Mr.  H.  C.  Sorby  has  suggested  in  connexion 
with  some  of  his  own  observations  on  the  minute  structure  of  lime- 
stones, &c ).  Be  this  as  it  may,  we  cannot  but  hope  that  Mr.  Beade, 
Mr.  i^orby,  Mr.  Schafhault,  Mr.  Bryson,  Prof.  Ehrenberg,  and  others 
will  continue  their  bbours  in  "Microgeology"  or  "  Clinology,**  as  this 
branch  of  research  has  been  termed ;  for  it  is  a  wide  and  promising 
field,  but  little  cultivated  as  yet. 

D.  Ptfyf992.— Fa&allelTbbraces  of  Glbn  Rot.— I  am  induced 
to  notice,  in  this  place,  a  remarkable  phenomenon  observable  in  some 
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of  the  glens  of  the  Highlands  that  border  the  Great  CaledomanYaUej, 
because  the  snbjeot  has  excited  the  attention  of  the  tourist  and  the 
geologist  In  several  of  the  glens  of  Loohaber,  bat  more  especially 
in  that  of  Glen  Roy,  there  are  parallel  terraces,  at  yarioua  heights^ 
extending  on  either  side,  and  which  present  so  regular  and  artificial 
an  appearance  as  to  have  been  ascribed  to  hnman  art ;  and  the 
ancient  Highlanders  supposed  them  to  be  roads  formed  by  their 
hero  Fingal. 

The  valley  of  Glen  Boy  is  of  an  oral  form,  and  is  about  fonr  miles 
long,  and  one  or  more  wide,  being  bounded  on  two  opposite  sides  by 
high  mountains.  Through  the  middle  of  this  valley,  a  river,  formed 
by  the  confluence  of  some  mountain-streams,  flows  into  the  Spean 
Water. 

On  each  side  of  this  long,  hollow,  deep  valley,  which  is  bounded 
by  dark  and  lofty  mountains,  and  at  a  great  elevation,  three  strong 
lines  are  seen,  parallel  to  each  other  and  to  the  horizon ;  the  levels 
of  the  opposite  ones  coinciding  precisely  with  each  other:  and  so 
striidng  is  this  symmetrical  character,  that  the  observer  can  with 
difficulty  divest  himself  of  the  idea  that  he  is  contemplating  some 
Cyclopean  work  of  the  olden  times.  A  slight  examination  of  the 
nature  of  these  parallel  terraces  is,  however,  sufficient  to  convince 
the  instructed  observer  that  they  are  probably  the  shores  of  an 
ancient  lake,  fed  froin  the  neighbouring  Alpine  regions,  which  at 
distant  periods  became  shallower,  and  at  length  entirely  disappeared, 
from  the  erosion  of  the  barrier  which  formerly  confined  its  waters.* 
The  following  explanation  of  the  phenomenon  is  from  a  paper  by 
Mr.  D.  Milne,  which  corroborates  also  the  opinions  of  Professor 
Playfair  and  Dr.  Maccullooh  -.f— : 

The  parallel  shelves  or  terraces  of  Lochaber  consist  generaUy  of 
bared  rocks,  forming  sloping  channels  or  water-courses ;  and  tiiey 
bear  no  accumulations  of  littoral  deposits  or  detritus.  They  are  per- 
fectly horizontal,  and  are  all  coincident  with  some  snmmit-level,  so 
as  to  admit  of  the  water  flowing  over  that  level  as  over  a  lip. 
Thus  the  uppermost  shelf  of  Glen  Gluoy  is  exactly  coincident  with 
the  watershed-ridge  which  divides  that  glen  from  Glen  Boy ;  so  that 

*  On  the  Parallel  Roadi  of  Lochaber,  by  David  Milne,  Etq.,  Edinburgh  New 
Philosophical  Journal,  October,  1847. 

t  See  Dr.  Maoculloch,  on  the  Parallel  Roadi  of  Glen  Roy,  Geological  Tranaactioni, 
vol.  iv.  p.  314;  alM  Mr.  Darwin.  PbiL  Trana  18S9,  part  1,  p.  39. 
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ibe  waters  which  stood  at  that  height  must  have  flowed  oat  at  the 
head  of  Glen  Gluoj  into  Glen  Roj.  In  like  manner  the  uppermost 
terrace  in  Glen  Koy  is  coincident  with  the  watershed-ridge  dividing 
Glen  Roy  from  the  yallej  of  the  Spey :  the  waters  which  stood  in 
Glen  Boy,  at  the  second  level,  must  therefore  have  flowed  over  the 
head  of  the  glen  into  Spey  Valley.  And  the  middle  terrace  of  Glen 
Roy  coincides  with  a  watershed  at  the  head  of  Glen  Glaster. 
Ancient  river-courses  may  be  traced  leading  from  the  different  levels 
of  the  terraces  into  the  neighbouring  glens  and  valleys  of  lower 
lerels;  and  it  seems  evident  that  the  waters  which  formed  the 
several  terraces  flowed  out  of  the  glens,  and  descended  by  river- 
courses  into  the  low  countries.  Thus  the  waters  which  formed  the 
terrace  in  Glen  Gluoy  descended  nearly  thirty  feet  by  flowing  into 
Glen  Roy;  those  of  the  upper  shelf  in  Glen  Boy  flowed  m  like 
manner  into  the  valley  of  the  8pey ;  those  of  the  middle  terrace 
were  discharged  over  the  head  of  Glen  Gkster  down  a  slope  of  218 
feet  in  vertical  height  into  Glen  Spean ;  and  the  waters  that  pro- 
duced the  terrace  or  shelf  in  Glen  Spean  issued  out  of  Lake  Loggaa 
by  the  ancient  river-course  at  Mukkul 

It  appears,  therefore,  that  barriers  originally  existed,  which  pent 
up  the  waters  at  different  levels  in  the  glens,  and  were  lowered 
at  intervals;  until  at  length  the  lakes  were  dried  up,  from  the 
waters  sinking  from  the  level  of  the  highest  shelf  to  the  next ;  and 
thus,  by  successive  steps,  as  the  barrier  was  worn  away,  the  lower- 
most terrace  was  at  length  formed;  and  ultimately  the  system  of 
lakes  disappeared,  from  the  barrier  having  been  entirely  removed. 

£.  Tage  940.— Mr.  Darwiv,  ok  the  Galapagos  Archipelago. 
— ^"This  archipelago  consists  of  ten  principal  islands,  of  which  five 
exceed  the  others  m  size.  The  largest,  Albemarle  Island,  is  of  an 
angular  form,  and  100  miles  in  length.  They  are  all  formed  of 
volcanic  rocks;  a  few  fragments  of  granite,  curiously  glazed  and 
altered  by  heat,  can  scarcely  be  considered  as  an  exception.  Some 
of  the  craters  surmounting  the  larger  islands  are  of  immense  size, 
and  they  rise  to  a  height  of  between  three  and  four  thousand  feet. 
Their  flanks  are  studded  by  innumerable  smaller  orifices.  I  scarcely 
hesitate  to  aflfirm,  that  there  must  be  in  the  whole  archipelago  at 
least  two  thousand  craters :  these  consist  either  of  lava  and  scoris, 
or  of  finely-stratified  sandstone-like  tuff.    Most  of  the  latter  are 
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beautifnllj  8 jmmetrical ;  thej  owe  their  origin  to  eraptions  of 
Tolcanic  mad  without  any  laya."  A  small  jet  of  smoke  was  seen 
curling  from  one  of  the  craters  in  Alhemarie,  and  eruptions  are 
known  to  have  taken  place  in  modem  times. 

Great  parts  of  the  surface  of  most  of  the  islands  are  broken  fidda 
of  black  basaltic  laya»  thrown  into  the  most  ragged  waves,  and 
crossed  by  great  fissures,  and  covered  by  stunted  sun-burnt  brush- 
wood. But,  while  the  lower  parts  of  the  islands  are  very  sterile, 
the  upper  regions,  at  a  height  of  a  thousand  feet,  possess  a  damp 
climate  and  a  tolerably  luxuriant  vegetation.  The  commonest  bush 
is  one  of  the  Euphorbiaceae,  and,  with  an  Acacia  and  a  great  odd- 
looking  Cactus,  are  the  only  plants  that  afford  any  shade.  Coarse 
grass  and  ferns  abound  in  the  upper  parts,  but  no  tree-fems  nc»- 
any  of  the  Palm  family  were  observed.  Large  land-tortoises,  in 
prodigious  numbers,  are  the  principal  animals,  and  form  the  staple 
article  of  food  to  the  inhabitants,  who  are  nearly  all  people  of  coioor 
banished  f6r  political  crimes  from  the  republic  of  the  Equator. 

The  rocks  on  the  coast  of  Albemarle  Island  abound  in  great  black 
lizards,  between  three  and  four  feet  long,  belonging  to  two  species ; 
one  of  which  is  aquatic,  and  feeds  on  sea-weeds ;  the  other  is  ter- 
restrial. "  They  are  allied  to  the  Iguanidie  (P),  and  belong  to  the 
genus  Amblyrhynchut,  which  is  confined  to  this  archipelago.  They 
have  long  tails,  flattened  lateraUy,  and  all  the  four  feet  are  partially 
webbed.  Most  of  the  other  organic  productions  are  found  nowhere 
else:  there  is  even  a  dissimilarity  in  those  of  the  different  islands; 
yet  all  show  a  marked  relationship  with  those  of  America,  though 
separated  from  that  continent  by  an  open  space  of  ocean  between 
600  and  600  miles  in  width.  Of  terrestrial  mammals,  there  is  only 
one  that  can  be  considered  as  indigenous,  namely,  a  mouse ;  and 
even  this  is  confined  to  Chatham  Island,  the  most  easterly  of  the 
group.  Of  land-birds,  twenty-six  species  were  obtained,  and  all  but 
one  peculiar  to  these  islands.  Of  the  order  of  reptiles,  in  addition 
to  the  Amblyrhynchi,  there  are  one  small  species  of  lizard  of  a  South 
American  genus,  one  snake,  and  of  marine  tartles,  or  chelonia,  more 
than  one  species,  and  two  or  three  of  tortoises.  No  batrachian 
reptiles,  as  frogs  or  toads,  were  observed.  The  Amblyrhynchi  are 
very  abundant,  and  the  terrestrial  species  especially  in  some  places ; 
in  James*s  Island  their  burrows  were  so  numerous,  that  it  was 
difficult  to  find  a  spot  free,  on  which  to  pitch  a  tent.    The  two 
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species  agree  in  their  general  stroctore,  and  in  many  of  their  habits ; 
thej  have  not  that  rapid  moyement  so  characteristic  of  the  genera 
Lacerta  and  Iguana.  They  are  both  herbivorons,  although  the  kind 
of  Yegetation  on  which  they  feed  is  very  different ;  the  land-species 
feed  on  the  succulent  Cactus,  and  the  aquatic  species  on  sea-weed. 
Mr.  Sell  has  given  the  name  to  the  genus  from  the  shortness  of  the 
snout :  indeed  the  form  of  the  mouth  may  almost  be  compared  to 
that  of  the  tortoise:  an  adaptation  probably  referable  to  their 
herbivorous  appetites.  It  is  very  interesting  thus  to  find  a  well- 
characterized  genus,  having  its  marine  and  terrestrial  species,  be- 
longing to  so  confined  a  portion  of  the  world.  The  aquatic  species 
is  by  far  the  most  eztraordinaiy,  because  it  is  the  only  existing 
lizard  which  lives  on  marine  vegetable  productions.  These  islands 
are  not  so  remarkable  for  the  number  of  the  species  of  reptiles,  as 
for  that  of  the  individuals.  When  we  remember  the  well-beaten 
paths  made  by  the  thousands  of  huge  tortoises, — the  many  turtles,— 
the  great  warrens  of  the  terrestrial  Amblyrhynchi, — and  the  groups 
of  the  marine  species  basking  on  the  coast-rocks  of  every  island  in 
this  archipelago, — ^we  must  admit  that  there  is  no  other  quarter  of 
the  world  where  the  Order  of  Reptiles  replaces  the  herbivorous 
wiAmmftlm  in  so  extraordinary  a  manner.  The  geologist,  on  hearing 
this,  will  probably  refer  bade  his  mind  to  the  Secondary  epochs, 
when  saurians,  some  herbivorous,  some  carnivorous,  and  of  dimen- 
sions comparable  only  with  our  existing  whales,  swarmed  on  the 
lands  and  in  the  seas.  It  is,  therefore,  worthy  his  especial  observ- 
ation, that  this  archipelago,  instead  of  possessing  a  humid  climate 
and  rank  vegetation,  cannot  be  considered  otherwise  than  extremely 
arid,  and,  for  an  equatorial  climate,  remarkably  temperate.  The 
botany  is  as  peculiar  as  the  zoology.  Of  flowering  plants,  185 
species  were  collected,  of  which  100  are  new ;  that  is,  previously 
unknown  to  the  botanist ;  and  40  cryptogamic  species.'*  Notwith- 
standing the  length  of  this  extract,  the  reader  should  refer  to  the 
original  for  many  highly  interesting  particulars,  and  sagacious  com- 
ments, which  are  here  necessarily  omitted. — Mr.  Darwin* t  Journal 
of  a  Voyage  Round  the  World,  chap.  xvii. 


ADDENDA. 


I.  Elevation  op  the  LAKD.^From  the  following  statement  it 
appears,  that  the  slow  upward  morement  of  the  land  is  in  progress 
in  other  countries  as  well  as  in  Scandinavia  (see  yoL  L  p.  115). 

"Oradttal  risinff  of  Newfoundland  above  tke  tea. — The  whole  of 
the  land  in  and  about  the  neighbourhood  of  Conception  Bay,  very 
probably  the  whole  island,  is  rising  out  of  the  ocean  at  a  rate 
which  promises,  at  no  distant  day,  materially  to  affect,  if  not  to 
render  useless,  many  of  the  best  harbours  on  the  coast.  At  Port 
de  Grave  a  series  of  observations  have  been  made,  which  undeniably 
prove  the  rapid  dispbicement  of  the  sea-level  in  the  vicinity.  Several 
large  flat  rocks  over  which  schooners  might  pass  some  thirty  or 
forty  years  ago  with  the  greatest  facility  are  now  approaching  the 
surface,  the  waters  being  scarcely  navigable  for  a  skiff.  At  a  place 
called  the  Cosh,  at  the  head  of  Bay  Boberts,  upwards  of  a  mile  from 
the  sea-shore,  and  at  several  feet  above  its  level,  covered  with  five 
or  six  feet  of  vegetable  mould,  there  is  a  perfect  beach,  the  stones 
being  rounded,  of  a  moderate  size,  and  in  all  respects  similar  to 
those  now  found  in  the  adjacent  land  washes." — Newfoundland  Time^ 
October,  1847. 

In  Sir  Charles  Lyell's  admirable  Lecture,  "  On  the  successive 
Changes  of  the  Temple  of  Serapis"  (delivered  before  the  Boyal  Insti- 
tution of  Great  Britain,  March  7,  1856),  we  find  so  much  valuable 
information  on  the  subject  of  the  elevation  and  subsidence  of  areas 
of  land,  that  the  following  abstract  (from  the  Boy.  Inatit.  Notices) 
will  be  of  great  use  to  the  student. 

"The  Temple  of  Serapis,  near  Naples,  is,  perhaps  of  all  the 
structures  raised  by  the  hands  of  man,  the  one  which  affords  most 
instruction  to  a  geologist.  It  has  not  only  undergone  a  wonderful 
succession  of  changes  in  past  time,  but  is  still  undergoing  changes 
of  condition,  so  that  it  is  ever  a  matter  of  fresh  interest  to  learn 
what  may  be  the  present  state  of  the  temple,  and  to  speculate  on 
what  next  may  happen  to  it.    This  edifice  was  exhumed  in  1750, 
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from  a  mixed  deposit,  extending  for  miles  along  the  eastern  shores 
of  the  Bay  of  Baise,  and  consisting  partly  of  strata  containing  marine 
shells,  with  fragments  of  hricks,  potteiy,  and  sculpture,  and  partly 
of  Tolcanic  matter  of  suhaerial  origin.  Varioub  theories  were  pro- 
posed in  the  last  century  to  explain  the  lithodomous  perforations, 
and  attached  serpul»,  ohserred  on  the  middle  zone  of  the  three  erect 
marble  columns  now  standing;  some  writers,  and  the  celebrated 
Goethe  among  the  rest,  suggesting  that  a  lagoon  had  once  existed 
in  the  atrium,  filled,  during  a  temporary  incursion  of  the  sea^  with 
salt  water,  and  that  marine  moUusca  and  annelids  flourished  for 
years  in  this  lagoon,  at  a  height  of  12  feet  or  more  above  the  sea 
level.  This  hypothesis  was  advanced  at  a  time  when  abnost  any 
amount  of  fluctuation  in  the  level  of  the  sea  was  thought  more  pro- 
bable than  the  slightest  alteration  in  the  level  of  the  solid  hind. 
In  1807,  the  architect  Niccolini  observed  that  the  pavement  of  the 
temple  was  dry,  except  when  a  violent  south  wind  was  blowing; 
whereas,  on  revisiting  the  temple  fifteen  years  later,  he  found  the 
pavement  covered  by  salt  water  twice  every  day  at  high  tide.  This 
induced  him  to  make  a  series  of  measurements  from  year  to  year, 
first  from  1822  to  1838,  and  afterwards  from  1838  to  1845  ;  from 
which  he  inferred  that  the  sea  was  gaining  annually  upon  the  floor 
of  the  temple,  at  the  rate  of  about  one-third  of  an  inch  during 
the  first  period,  and  about  three-fourths  of  an  inch  during  the 
second.  Mr.  James  Smith,  of  Jordan-hill,  when  he  visited  the  temple 
in  1819,  had  remarked  that  the  pavement  was  then  dry,  but  that 
certain  channels  cut  in  it  for  draining  ofiT  the  waters  of  a  hot  spring 
were  filled  with  sea-water.  On  his  return,  in  1845,  he  found  the 
high-water  mark  to  be  28  inches  above  the  pavement,  which,  allowing 
a  slight  deduction  on  account  of  the  tide,  exhibited  an  average  rise 
of  about  an  inch  annually.  As  these  measurements  are  in  accordance 
with  others,  made  by  Mr.  Babbage  in  1828,  and  by  Professor  James 
Forbes  in  1826  and  1843,  Mr.  Smith  believes  his  own  conclusion  to 
be  nearest  the  truth,  and  attributes  the  difference  between  his  average 
and  that  obtained  by  Niccolini  (especially  in  the  first  set  of  measure- 
ments by  the  latter  observer)  to  the  rejection,  by  the  Italian  archi- 
tect, of  all  the  highest  water-marks  of  each  year,  causing  his  mean 
to  be  below  the  true  mean  level  of  the  sea.  In  1852,  Signer 
Arcangelo  Scacchi,  at  the  request  of  Sir  Charles  Lyell,  visited  the 
temple,  and  compared  the  depth  of  water  on  the  pavement  with 
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its  lerel  as  previoasly  aacertained  by  himself  in  1839,  and  found, 
after  making  allowance  for  the  tide  at  the  two  periods,  that  the 
water  had  gained  only  4|  inches  in  thirteen  years,  and  was  not  so 
deep  as  when  measured  by  MM.  Niooolini  and  Smith,  in  1845 ; 
from  which  he  inferred,  that  after  1845,  the  downward  movement 
of  the  land  had  ceased,  and  before  1852,  had  been  converted  into 
an  upward  movement.  Since  that  period,  no  exact  account  of  the 
level  of  the  water  seems  to  have  been  taken,  or  at  least  none  which 
has  been  published. 

"  Sir  Charles  Lyell  then  called  attention  to  the  head  of  a  statue^ 
lent  to  him  for  exhibition  by  Mr.  W.  R.  Hamilton,  and  which  Mr.  H. 
had  purchased  from  a  peasant  at  Pnzsuoli,  in  the  neighbourhood  of 
the  temple.  This  head  bears  all  the  distinctive  marks  of  the  Jupiter 
Serapis  of  the  Vatican;  and,  among  others,  a  flat  space  is  seen  on 
the  crown,  doubtless  mtended  to  receive  the  ornament,  called  the 
modius,  or  bushel,  an  emblem  of  fertility,  which  adorns  the  ancient 
representations  of  this  deity.  One  side  of  the  head  is  uninjured,  as 
if  it  had  lain  in  mud  or  sand,  while  the  other  has  '  suffered  a  sea 
change,'  having  been  drilled  by  small  annelids,  and  covered  with 
adhering  serpulie,  as  if  submerged  for  years  in  salt  water,  like  the 
three  marble  columns  before  mentioned. 

"  The  speaker  then  alluded  to  an  ancient  mosaic  pavement,  found 
at  the  time  of  his  examination  of  the  temple,  in  1828,  five  feet  bdow 
the  present  floor,  implying  the  existence  of  an  older  building  before 
the  second  temple  was  erected.  The  latter  is  ascertained  by  inscrip- 
tions, found  in  the  interior,  to  have  been  built  at  the  close  of  the 
second  and  beginning  of  the  third  centiiries  of  the  Christian  era. 

"A  brief  chronological  sketch  was  then  given  of  the  series  of 
natural  and  historical  events  connected  with  the  temple  and  the 
surrounding  region ;  comprising  the  volcanic  eruptions  of  Ischia, 
Monte  Nuovo,  and  Vesuvius;  the  date  of  the  first  and  second 
temples,  and  their  original  height  above  the  sea ;  the  periods  of  the 
submergence  and  emergence  of  the  second  temple;  the  nature  of 
the  submarine  and  supramarine  formations,  in  which  it  was  found 
buried  in  1750 ;  and,  lastly,  aUusion  was  made  to  a  bird's-eye  view 
of  this  region,  published  at  Rome  in  1652,  and  cited  by  Mr.  Smith, 
in  which  the  three  columns  are  represented  as  standing  in  a  garden, 
at  a  considerable  distance  from  the  sea,  and  between  them  and  the 
sea  two  churches,  occupying  ground  which  has  since  disappeared. 
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The  histoiy  of  the  sinking  and  burying  of  the  temple  in  the  dark 
ages,  respecting  which  no  human  records  are  extant,  has  been 
deduced  from  minute  iuYcstigations  made  by  Mr.  Babbage  and 
Sir  Edmund  Head,  in  1828,  respecting  the  nature  and  contents  of 
certain  deposits  formed  round  the  columns,  below  the  zone  of  litho- 
domous  perforations. 

"The  unequal  amount  of  movement  in  the  land  and  bed  of  the 
sea»  and  its  different  directions  in  adjoining  areas  in  and  around  the 
Bay  of  Bais,  were  then  pointed  out ;  and  the  fact  that  the  Temples 
of  Neptune  and  the  Nymphs  are  now  under  water,  as  well  as  some 
Boman  roads,  while  no  evidence  of  any  corresponding  subsidence 
or  oscillations  of  level  are  discoverable  on  the  site  6f  the  city 
of  Niqples,  which  is  only  four  miles  distant  in  a  straight  line. 
Analogous  examples  of  upward  and  downward  movements  in  other 
parts  of  the  Mediterranean  were  cited,  such  as  the  sarcophagus  of 
Telmessus  in  Lyda,  described  by  Sir  Charles  Fellows ;  and  the 
changes  in  Candia^  recently  established  by  Captain  Spratt,  RN., 
who  has  ascertained  that  the  western  end  of  that  island  has  been 
uplifted  17  feet  above  its  ancient  level,  while  another  part  of  the 
southern  coast  has  risen  more  than  27  feet,  so  that  the  docks  of 
ancient  Grecian  ports  are  upraised,  as  well  as  limestone  rocks 
drilled  by  lithodomi.  At  the  same  time  the  eastern  portion  of 
Candia  (an  island  about  200  miles  long)  has  sunk  many  feet, 
causing  the  ruins  of  several  Greek  towns  to  be  visible  under  water. 
Looking  beyond  the  limits  of  the  Mediterranean,  the  buried  Hindoo 
temple  of  Avantipura  in  Cashmere,  with  its  74  pillars,  described  by 
Dr.  Thomson  and  Major  Cunningham,  were  mentioned,  and  how 
their  envelopment  in  lacustrine  silt,  at  some  period  after  the  year 
850  of  our  era,  had  caused  them  and  their  statues  to  escape  the  fury 
of  the  Mahometan  conqueror  Sicander,  who  bore  the  name  of  the 
idol-breaker.  {Principles  of  Otology ,  dlkedilian,  p.  762.)  The  gradual 
subsidence  of  the  coast  of  Greenland,  and  the  elevation  of  a  large 
part  of  Sweden,  century  after  century,  were  also  instanced ;  and 
lastly,  the  latest  event  of  the  kind,  yielding  to  no  other  in  the 
magnitude  of  its  geological  and  geographical  importance,  the  earth- 
quake of  New  Zealand,  of  January  23rd,  1855.  The  shocks  of 
this  convulsion  extended  over  an  area  of  land  and  sea  three  times 
as  large  as  the  British  Isles ;  after  it  had  ceased,  it  was  found  that 
a  tract  of  land,  in  the  immediate  vicinity  of  Wellington,  comprising 
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4600  square  miles,  or  nearly  equal  to  Yorkshire  in  dimensions,  had 
been  upraised  from  one  to  nine  feet,  and  a  range  of  hills,  consisting 
of  older  rocks,  uplifted  vertically,  while  the  tertiary  plains  to  the 
east  of  it  remained  unmoved ;  so  that  a  precipice  nine  feet  in  per- 
pendicular hei^t  was  produced,  and  is  even  said  to  be  traceable  for 
90  miles  inhind,  from  north  to  south,  bordering  the  plain  of  the 
Wairarapa.  In  consequence  of  a  rise  of  five  feet  of  the  land  on  the 
north  side  of  Cook's  Strait,  near  Wellington  and  Port  Nicholson, 
the  tide  had  been  almost  excluded  from  the  River  Hutt,  while  on  the 
>  south  side  of  the  same  straits  in  the  Middle  Island,  where  the 
ground  has  sunk  about  five  feet,  the  tide  now  flows  several  miles 
further  up  the  river  Wairau  than  before  the  earthquake. 

"  Sir  Charles  then  alluded  to  his  discovery,  in  1828,  of  marine 
shells  in  volcanic  tuff,  at  the  height  of  nearly  2000  feet,  in  the  island 
of  Ischia ;  and  to  the  exact  agreement  of  these,  as  well  as  oUier 
fossil  shells,  since  collected  by  M.  PhiHppi,  with  species  now  inhabit- 
ing the  Mediterranean.  If  the  antiquity  of  such  elevated  deposits, 
when  contrasted  with  those  found  during  the  last  2000  years  in  the 
neighbourhood  of  the  Temple  of  Serapis,  be  as  great  as  the  relative 
amount  of  movement  in  the  two  cases,  or  as  2000  is  to  30  feet,  it 
would  show  how  slowly  the  testaceous  fauna  of  the  Mediterranean 
undergoes  alteration:  and  therefore  that  naturalists  ought  not  to 
expect  to  detect  any  sensible  variation  in  the  marine  fauna  in  the 
course  of  a  few  centuries,  or  even  several  thousand  years. 

"  In  conclusion :  the  probable  causes  of  the  permanent  upheaval 
and  subsidence  of  land  were  considered — ^the  expansion  of  solid  rocks 
by  heat,  and  their  contraction  when  the  temperature  is  lowered,  the 
shrinkage  of  day  when  baked,  the  excess  in  the  volume  of  melted 
stone  over  the  same  materials  when  crystallized,  or  in  a  state  <tf 
consolidation ;  and,  lastly,  the  subterraneous  intrusion  of  horizontal 
dykes  of  lava,  such  as  may  have  been  injected  beneath  the  surface, 
when  melted  matter  rose  to  the  crater  of  Monte  Nuovo,  in  1538. 
A  large  coloured  section  of  a  diff,  1000  feet  high,  at  Cape  Giram, 
in  Madeini,  was  referred  to  as  illustrating  the  intrusion  both  of 
oblique  and  horizontal  dykes,  between  layers  of  volcanic  materials 
previously  accumulated  above  the  level  of  the  sea»  and  after  Ma- 
deira had  been  already  dothed  with  a  vegetation  very  similar  to 
that  with  which  it  is  now  covered.  The  intercaktion  of  such  hori- 
zontal sheets  of  lava  between  alternating  beds  of  older  lava  and  tuif 
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would  uplift  the  incumbent  rocks,  and  form  a  permanent  support 
to  them ;  but  when  the  fused  mass  cools  and  consolidates,  a  partial 
failure  of  support  and  subsidence  would  ensue." 

n.  Mastodon  and  Elephant. — So  much  light  has  of  late  been 
brought  to  bear  on  the  history  of  these  great  pachyderms,  both  in  a 
zoological  and  geological  pomt  of  view,  by  Dr.  Hugh  Falconer, 
F.ILS.,  E.G.8.,  that  we  are  induced  to  reproduce  the  Abstracts  of 
his  memoirs  on  the  subject,  read  before  the  Geological  Society  of 
London ;  drawing  attention  particularly  to  the  specific  alliances  of 
the  remains  of  the  Mastodon  found  in  the  Crag  of  Norfolk  (see  vol. 
L  p.  160),  which  Dr.  Falconer  determines  to  be  the  Auyergne  species, 
and  not  that  known  as  M.  angustidens. 

1.  On  the  Species  of  Mastodon  and  Elephant  occurring  fossil  in 
Great  Britain.— Part  I.  Mastodons.  By  H.  Falconer,  M.D.,  F.R.S., 
F.G.S. 

The  object  of  this  communication  is  to  ascertain  what  are  the 
species  of  the  Proboscidea  found  fossil  in  Britain ;  what  the  specific 
names  which  ought  to  be  applied  to  them ;  and  what  the  principal 
formations  and  localities  where  they  are  elsewhere  met  with  in  Europe. 
The  Mastodon  of  the  Crag  forms  the  subject  of  this  first  part  of  the 
memoir :  the  second  part  will  treat  of  the  Elephant-remains  found 
in  Britain.  The  author  commenced  by  insisting  on  the  importance 
to  geology  that  every  mammal  found  m  the  fossil  state  should  be 
defined  as  regards,  first,  its  specific  distinctness ;  and,  secondly,  its 
range  of  existence  geographically  and  in  time,  with  as  much  severe 
exactitude  as  the  available  materials  and  the  state  of  our  knowledge 
will  admit.  He  observed  that  with  regard  to  the  remains  of  the 
proboscidean  genera,  Dinotherium,  Mastodon,  and  Elephant,  some 
of  which  abound  in  the  miocene  and  pliocene  deposits  of  Europct 
Asia,  and  America,  the  opinions  respecting  the  species  and  their 
nomenclature,  in  all  the  standard  palteontological  works  on  the  sub- 
ject, are  extremely  unsettled  and  often  contradictory. 

Br.  Falconer  then  proceeded  to  explain  his  views  of  the  natural 
classification  of  the  proboscidean  pachydermata,  recent  and  fossil, 
according  to  dental  characters.  In  the  Dinothere,  with  its  tapiroid 
molars,  the  last  milk-molar  and  the  antepenultimate  (or  first)  true 
molar  are  invariably  characterized  by  a  "  tcmary-ridged-crown- 
formuk,"  or  in  other  words,  their  crowns  are  divided  into  three 
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tmurene  ridges.  In  the  Mastodon  not  onlj  the  last  milk-molar 
and  the  first  true  molar,  but  also  the  second  or  penultimate  tnie 
molar  (being  three  teeth  in  immediate  contigoitj),  are  inTariahlj 
characterised  in  both  jaws  by  an  isomerons  division  of  the  crown  into 
either  three  or  four  ridges ;  or,  in  other  words,  sre  severally  char- 
acterized by  either  a  "temaiy-**  or  '<  qnatemaiy-ridge-fonnnla." 
These  three  isomerons-ridged  teeth  are  referred  to  as  "the  inter- 
mediate molars."  To  the  temaiy-ridged  species  the  author  assigns 
the  subgeneric  name  of  TrUopkodon;  and  Tetralopiodom,  to  the  qua- 
ternary-ridged species.  The  molar  in  front,  and  that  one  behind 
these  intermediate  molars,  are  also  characteristicaUy  modified  in  these 
two  subgenera.  In  Trilophodon  the  penultimate  or  second  milk- 
molar  is  two-ridged,  and  the  last  true  molar  is  four-ridged :  in  Tetra- 
lophodon,  the  former  is  three-ridged,  and  the  latter  five-ridged  The 
author  considers  it  highly  probable  that  a  subgeneric  group  character- 
ised by  a  quinary -ridge  formula  {Fenialopkodon)  has  existed  in  natnre, 
but  of  which  no  remaina  have  yet  been  discovered. 

The  Elephants  are  distinguished  from  the  Mastodons  by  the 
absence  of  an  isomerous  ridge-formula,  as  regards  the  three  inter- 
mediate molars,  and  by  the  ridges  ranging  from  six  up  to  an  inde- 
finite number  in  these  teeth,  in  different  groups  of  species.  Dr. 
Falconer  arranges  the  numerous  fossil  and  recent  forms  in  three 
natural  subgenera,  founded  on  the  ridge-formula,  in  conjunction  with 
other  characters.  In  the  Stegodom  (comprising  besides  other  forms 
the  Ma9tod<m  eiephatUoides,  CUft)  the  ridge-formula  is  hypisomerous ; 
and  the  ridges  number  six  or  eight.  The  Loxodon  (including  the 
A£rican  Elephant)  is  also  hypisomerous,  and  has  from  seven  to  nine 
plates  or  ridges.  The  EueUpkas  (including  the  Elepiat  Imdiau  and 
six  fossil  species)  is  the  largest  and  most  important  group,  and 
comprises  the  typical  Elephants  having  thin-plated  molars.  Here 
the  ridge-formula  is  anisomerous,  and  regulated  by  progressive 
increments,  as  8,  12, 16 ;  the  higher  its  numerical  expression,  the 
greater  the  liability  to  vary,  within  certain  limits  dependent  upon 
the  race,  sex,  and  sise  of  the  individual  The  lower  molars  often 
exhibiting  sn  excess  of  plates  over  those  in  the  upper  molars. 

Reverting  to  the  Mastodons,  Dr.  Falconer  observed  that  the 
subgenera  Trilophodon  and  Tetralophodon,  as. regards  number  of 
forms,  are  of  nearly  equal  value ;  the  former  comprising  seven,  and 
the  latter  six,  well-marked  spedes.    Each  group  is  divisible  into  two 
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parallel  sabordinate  groaps.  In  the  one  series  the  ridges  are  broad, 
transrerse,  more  or  less  compressed  into  an  edge ;  with  the  inter- 
mediate valleys  open  throughout,  and  entirely  uninterrupted  by  sub- 
ordinate tubercles.  These  are  represented  in  Trilophodon  by  Tri- 
lopJL  Okiotieut,  and  in  Tetralophodon  by  Tetr.  latidem.  In  the 
other  series  the  ridges  are  composed  of  blunt  conical  points,  which 
are  fewer  in  number,  flanked  in  front  and  behind  by  one  or  more 
subordinate  outlying  tubercles,  which  disturb  the  transverse  direction 
of  the  ridges  and  block  up  the  valleys.  This  series  is  represented 
by  TrilopAodoH  anffutiideM  and  by  Tetraiopkodon  arvermensU,  In 
both  subgenera  the  species  with  transverse  compressed  ridges  may 
be  compared  with  Dinotherium,  as  regards  their  molar  crowns ;  and 
the  other  series  with  Hippopotamus. 

The  European  fossil  species  of  Mattodmy  according  to  the  author, 
are  the  following: — Trilophodon  Bononi,  I.  Hays,  Tril  tapiroidet^ 
Cuvier,  TrU.  anffusiidens,  Cuvier  {pro  parte),  Tril.  pyrenaicus, 
Lartet  MS.,  Tetralophodon  longirostris,  Kaup,  and  Tetr,  arvementis, 
Croizet  and  Jobert.  With  the  exception  of  Triloph.  Borsoni  and 
Tetral.  arvemensis,  which  are  of  Pliocene  age,  the  above-named 
species  are  of  Miocene  age. 

Dr.  Falconer  proceeded  to  state  that  the  remains  of  only  one 
species  of  Mastodon  have  hitherto  been  discovered  in  the  British  Isles. 
They  occur  in  what  is  called  the  Older  Pliocene  Red  Crag,  at  Felix- 
stow  and  Sutton,  in  Suffolk,  and  in  the  Newer  Pliocene  Fluvio-marme 
or  Mammaliferous  Crag  at  various  localities  near  Norwich  and  in 
Suffolk.  After  remarldng  that  Professor;,  Oven  had  referred  the 
teeth  of  the  Crag  Mastodon  to  »'  ^..^-^i*  -...'ts,  making  M.  longi- 
rostris  and  M.  arvemensis  to  be  synotfyms  of  this  species  (as  Cuvier 
had  also  done).  Dr.  Falconer  gave  in  detail  the  history  of  the  dis- 
covery and  publication  of  the  true  M.  angustidens  (Cuvier),  and  of 
the  M.  arvemensis  and  M.  loagirostris.  He  then  passed  in  review 
the  opinions  and  statements  of  these  authors,  as  well  as  of  Blainville, 
liaurillard,  Gervais,  Pomel,  Lartet,  and  Sismonda,  on  these  species, 
and  on  the  specimens  which  these  observers  had  severally  described, 
sometimes  under  additional  specific  names.  He  then  described  the 
characteristic  peculiarities  both  of  the  molars  and  of  the  symphysis 
of  the  lower  jaws  in  these  three  species ;  and  showed  that  the  molars 
from  the  Crag  were,  like  those  of  Tetrai.  arvernensis,  characterized  by 
four-ridged  mohirs,  with  their  conical  points  more  or  less  alternating, 
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and  with  their  VBllejs  UodLed  up ;  and  thai  they  essoitii^y  differed 
from  the  molars  of  the  TrilopL  anffu»tiden9  from  Simorre,  Dax,  ftc, 
and  from  the  TeiraL  ItmgirotirU  of  Eppelsheim.  The  M.  arremensis  of 
Montpellier,  Auvergne,  Italy,  &c.,  had  no  lower  tusks;  and  the, 
anthor  is  of  opinion  that  the  only  specimen  which  has  been  figured 
and  described  as  one  of  the  lower  tasks  of  the  Crag  Mastodon  ba 
terminal  fragment  of  one  of  the  upper  tusks  of  this  species. 

From  osteological  considerations  it  appears  that  TetraL  arver- 
nensis  was  of  a  low  and  heavy  make ;  that  TetraL  longirosiris  was 
of  similar  general  proportions  \  and  that  Triloph.  angustidena  was 
higher  in  its  limbs  and  of  a  comparatively  light  and  slender  shape. 

In  his  observations  on  the  Geological  age  and  associated  faunas  <^ 
the  formations  in  which  these  species  severally  occur,  Dr.  Falconer  ob- 
served that  TrilopkodoM  angmtideng  is  a  characteristic  species  of 
the  miocene  falunian  beds  throoghout  Europe,  and  is  associated  with 
Trilopk,  tapiroides  in  the  Faluns  of  France  and  the  upper  freshwater 
Molasse  of  Switzerland.  TetralcpiodoM  l<mgirosiri$  is  an  important 
member  of  the  Eppelsheim  fauna,  which,  tiiough  its  determination 
IB  accompanied  with  great  difficulty,  appears  to  be  identical  in  its 
leading  features  with  that  of  the  falunian  deposits  of  France  and 
Switserland.  The  Tetralophod<m  arvenennt  is  characteristic  of  the 
pliocene  fauna;  and  it  had  a  very  extended  range  of  habitat  over 
Europe,  accompanying  Loxodon  mertdioMolii  (Nesti)  iu  Tuscany, — 
Trihpkodom  Bonom,  Loxodon  firiteut,  and  EMelq^iatatUiqwuiRVied' 
mont  and  Lombardy, — Loxodon,  msridionaUs  at  Montpellier, — and 
Tril,  Boraoni,  Lox,  meridiwialU,  and  Lox  pmcut  in  Yelay  and  Au- 
vergne.  After  having  reviewed  -the  circumstances  under  whidi 
Mastodon  remains  occur  in  the  British  strata.  Dr.  Falconer  con- 
cludes that, — ^Ist,  The  Mastodon  remains  which  have  been  met  with 
in  the  Fluvio-marine  and  Red  Crags  belong  to  a  pliocene  form, 
namely  Teiraiopkodo*  arvemeiuu,  2ndly,  The  mammalian  fauna  of 
the  Bed  and  Fluvio-marine  Crags,  regarded  as  a  whole,  bears  all 
the  characters  of  a  Pliocene  age,  and  is  identical  with  the  Sub- 
apenuiue  Pliocene  fauna  of  Italy.  Srdly,  TheKedandFluvio-msjrine 
Crags,  tested  by  their  mammalian  fauna,  must  be  considered  as  beds 
of  the  same  geological  age. 

Throughout  this  paper,  for  the  sake  of  deamess,  the  subgeneric 
names  have  been  used  in  designating  the  species.  The  author, 
finding  that  the  name  Elamodou,  applied  to  the  third  group  of 
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Elephants,  in  the  "  Fuina  Antiqua  Siralensis/'  in  1847,  had  been 
preyioQslj  used  for  a  fossil  fish,  has  abandoned  it,  and  applies  the 
tenn  Euelepias  in  lien  of  it. 

3.  On  the  Species  of  Mastodon  and  Elephant  occnning  in  the 
Fossil  State  in  England.— Part  II.  Elephants.  By  H.  Falconer, 
MJ).,F.RS.,F.G.S. 

In  the  introductory  portion  of  Part  I.  of  this  Memoir,  the  author 
alluded  to  the  ambiguity  that  has  existed  relative  to  the  mi^mmftlif^n 
faunc  of  the  Miocene  and  Pliocene  periods  in  consequence  of  pa- 
beontologiats  confounding  several  distinct  forms  of  Mastodon,  of 
different  geological  ages,  under  one  name  (Jf.  anffuttideiui) ;  and  on 
this  occasion  Dr.  Falconer  stated,  that,  in  the  application  of  tiie  name 
Elepka*  primigeniut  (Mammoth)  to  a  multitude  of  elephantine  re- 
mains from  various  superficial  and  deep  deposits,  over  a  vast  extent  of 
territory,  and  of  different  ages,  a  similar,  ijf  not  a  greater,  amount  of 
error  and  confusion  had  arisen.  In  fact,  at  least  half  the  habitable 
globe  has  been  assigned  to  the  Mammoth  as  his  pasture-ground,  if 
we  were  to  accept  the  determinations  of  all  those  who  have  written 
on  the  remains  of  ElepAas  priwUgetUus.  The  duration,  too,  of  this 
nominal  species  in  time  is  equally  remarkable,  so  considered ;  since, 
as  it  has  been  quoted  from  the  lower  and  the  upper  pliocene  beds, 
as  well  as  from  the  post-pliocene  glacial  gravels,  it  ought  to  have 
existed  before  the  European  area  received  its  present  geographical 
form,  and  indeed  before  the  Alps,  Apennines,  and  Pyrenees  reached 
their  present  elevation.  After  noticing  the  difficulty  met  with  by 
the  geologist  in  the  classification  of  the  newer  Tertiaries,  on  account 
of  this  ubiquitous  presence  of  the  Mammoth,  the  author  proceeded 
to  show  that  several  species,  belonging  to  two  distinct  subgenera, 
have  been  generally  confounded  under  the  name  of  JSlepias  primi^ 
geniui;  and  that  each  had  its  limited  range  in  geographical  area  and 
geological  time.  The  present  condition  of  the  noraendature  of  the 
subject,  and  the  history  of  the  established  species  of  European  fossil 
Elephants,  namely,  LandoM  meridumaliit  Loxodtm  ftrueus^  Sudephai 
mUipnu^  and  Euelepioi  primigeiiim$,  preceded  an  explanation  of  the 
principles  on  which  the  species  are  determined,  and  a  descriptiim  of  the 
dental  characters  by  which  the  Elephants  are  divisible  into  sub-genera, 
— ^a  succinct  account  of  which  was  given  in  the  former  part  of  the  Me- 
moir (Geol.  Joum.  vol.  xiii.  p.  462).  The  "intermediate  molars"  in 
Elephants  have  never  less  than  six  divisions  of  the  crown,  and  some- 
3  Q  2 
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times  88  many  as  eighteen.  These  molars  do  not  all  hare  an  equal 
number  of  ridges :  some  Elephants  have  an  augmoitation  of  only 
one  ridge  to  the  crown  of  the  penultimate  of  these  molars ;  these  are 
"hypisomerous,"  namely  SUgodtm  and  Loxodtm:  others,  in  which 
the  number  of  the  ridges  progressively  increases,  are  "  anisomerous," 
and  form  a  third  natural  group,  namely  the  JBueiephaa  or  Elepkat 
proper.  The  Stegodon  has  four  species,  fossil  in  India;  and  ap- 
proaches the  Mattodan  in  the  form  of  the  molars.  The  Loxodon  in- 
cludes the  existing  A£rican  Elephant  and  three  fossil  species,  and  is 
characterized  by  its  distinct  rhomboids!  discs  of  wear  on  the  grinders. 
£uelepha$  has  thin-plated  molars ;  but  in  some  species  there  are  in- 
termediate stages,  as  regards  the  angolar  mesial  expansion  of  the 
plates,  between  it  and  Loxodon, 

Dr.  Falconer  next  proceeded  to  review  some  well-ascertained 
mammalian  faunie  localized  in  certain  parts  of  Europe,  where  the 
conditions  of  deposit  are  most  simple,  and  to  apply  the  results  to  the 
more  complex  instances,  where  the  remains  of  more  than  one  dis- 
tinct fauna  are  intermingled,  or  so  closely  deposited  as  to  be  too 
readily  confused  by  collectors.  With  this  view,  the  author  instanced 
the  Subapennine  or  pliocene  deposits  of  the  Astesan,  and  elsewhere 
in  Piedmont  and  Lombardy,  where  Dilophodon  Borwoni,  TetraUh- 
phodon  arf?emensi8,  Loxodon  meridionaUs,  Lox,  prtscus,  and  JSude- 
phas  antiquuSf  with  Rhinoeeroi  leptorhintu^  Hippopotamu*  nu0or^ 
&c.,  are  found  associated  together.  In  the  Subapennine  beds  of  the 
Val  d*Amo,  in  Tuscany,  Tetralophodon  artemenm  and  Loxodon 
mendionaUs  occur  with  the  same  Hippopotamus  and  Bhinoeerog, 
Near  Chartres  in  France,  Loxodon  meridionalit  accompanies  H. 
major  and  Rhinoceros  leptorhinus.  The  above-mentioned  are  neces- 
sarily the  leading  mammalian  forms  of  the  older  Pliocene  period. 
North  of  the  Alps  pliocene  deposits  similar  to  those  of  Italy  occur  in 
some  parts  of  Switzerland,  but  they  are  soon  overlaid  towards  the 
north  by  a  distinct  mass  of  erratic  drift  of  a  different  age  and  vrith 
different  mammalian  remains.  In  the  fluviatile  "  Loess  "  or  "  Lehm  " 
of  the  valley  of  the  Ehine,  and  in  the  Glacial  Drift  of  the  plains  of 
Northern  Germany,  these  post-pliocene  deposits  contain  remains  of 
the  true  Mammoth,  with  the  tichorhine  Rhinoceros,  the  Musk- 
buffalo,  &c.,  which  thus  constitute  the  leading  types  of  the  post- 
pliocene  mammalian  fauna. 

On  the  eastern  coast  of  England,  the  Crag-deposits  (the  Bed  and 
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Norwich  Crags)  jrield  the  pliocene  Tetralophodon  arvemenns,  Loxodon 
meridionalu,  and  Euelepha$  antiquum :  and  the  so-called  Elephant- 
beds  at  Cromer,  Mnndeslej,  and  Hasborough  famish  Lox,  men- 
dionaUs  and  £uel,  antiqutu,  with  Bhin.  lephrJtinus  and  Hip.  major. 
These  characteristically  pliocene  fossils,  however,  are  occasionally 
intenningled  with  the  remains  of  the  post-pliocene  JEueUphas  primi' 
ffeniut,  the  latter  fossils  having  been  derived  from  the  overlying  and 
later  drift-beds,  which  have  thus  proved  a  fertile  source  of  the  con- 
fusion and  ambiguity  already  referred  to.  To  some  extent,  similar 
conditions  exist  at  Bracklesham  Bay  and  Pagham  Harbour,  where 
molars  of  E.  primigennu  are  found  in  the  upper  gravels,  whilst 
remains  of  E,  antiquw  abound  in  the  older  mud-deposit,  lately 
described  in  the  Geological  Society's  Journal  by  Mr.  Godwin-Austen. 

Dr.  Falconer  then  considered  the  fluviatile  deposits  of  the  Valley 
of  the  Thames,  in  rektion  to  their  Elephantine  remains ;  especially 
at  Grays  Thurrock  and  Brentford.  At  the  former  place  the  author 
recognises  the  true  pliocene  assemblage  of  Loxodon  prisctUt  EueU' 
phot  anHquuM,  Hippopotamus  major,  and  Bhinoeeros  leptorhinus ;  but 
the  group  of  mammals  found  at  Brentford,  according  to  the  published 
determinationSy  indicate  the  close  proximity  of  both  the  pliocene 
and  post-pliocene  fauns  at  different  levels  of  the  same  section.  The 
Grays  Thurrock  deposits,  and  the  lower  beds  at  Brentford,  were  in- 
ferred to  be  of  an  earlier  age  than  any  part  of  the  Boulder-Clay 
or  Till. 

The  grouping  of  the  E.  primigenitUf  Rhinoceros  HchorMnus,  Bu- 
hahu  mosehatusj  &c.,  in  the  newer  gravels  of  England  and  elsewhere, 
was  next  dwelt  upon,  as  affording  an  additional  due  to  the  tracing 
of  the  several  characteristic  mammalian  &un»  over  the  European 
area. 

To  the  possible  objection  of  there  being  too  many  large  Probos- 
cideans grouped  in  one  fauna,  the  author  replied  that  the  bones  of 
Elephantine  animals  of  three  distinct  species  actually  occur  together 
in  one  stratum  in  Italy,  and  that  six  species  are  found  in  deposits  of 
one  age  in  the  Sivalik  hills. 

Dr.  Falconer  concludes  that  the  same  mammalian  fauna  existed 
throughout  the  period  during  which  both  the  Crag  and  the  fluviatile 
beds  of  the  Thiunes  Valley  were  being  deposited ;  and  that  a  chro- 
nological division  of  the  newer  Tertiaries  into  older  Pliocene,  newer 
Pliocene  or  Pleistocene,  and  Post-pliocene,  is  untenable;  too  much 
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stress  liaying  been  laid  bj  authors  npon  tbe  shell-eyidence  on  this 
point.  At  the  same  time,  it  is  not  meant  to  be  implied  that  all  the 
species  of  the  fauna  ranged  everywhere  throughout  the  area ;  some 
in  all  probability  were  peculiar  to  the  south,  and  others  to  the  north. 

The  presence  of  the  Hippopotamus  in  the  pliocene  deposits  was 
pointed  out  as  being  of  great  importance  in  indicating  the  character 
of  the  pliocene  land,  which,  extending  between  England  and  the 
Continent,  must  have  afforded  a  great  system  of  rivers  and  lakes, 
and  probably  had  a  comparatively  warm  temperature,  as  late  as  the 
deposition  of  the  Grays  bed,  where  also  (as  is  well  known)  occur 
some  southern  freshwater  shells,  now  extinct  in  England. 

After  some  remarks  on  the  negative  evidence  afforded  by  this 
mammalian  fauna  with  regard  to  the  supposed  refrigeration  of  the 
land  during  the  Pliocene  period.  Dr.  Falconer  reviewed  the  opinions 
of  some  English  geologists  on  the  physical  conditions  and  faunae  of 
this  region  during  the  newer  Tertiary  epoch,  especially  the  views  of 
Mr.  S.  Wood,  Mr.  Prestwich,  and  Mr.  Trimmer;  and  concluded 
with  a  few  remarks  on  the  occurrence  of  JB.  antiqttua  in  the  Cefii  and 
Kirkdale  Caves,  and  of  E.  prxmigenius  in  Kent's  Hole,  and  on  the 
non-existence  of  E,  primigenius  south  of  the  Alps,  and  its  restriction 
in  the  United  States  of  America  to  the  Northern  and  Central  States. 
In  the  Southern  States  and  in  Mexico  a  distinct  fossil  species, 
Euelephat  Qdumhi,  hitherto  undescribed,  occurs  along  with  remains 
of  Mastodon,  MylotUm,3fegatherium,  Horse,  &c. 

m.  FOSSIBLB  EXTENSION  O?  THE  C&A0-DEP08ITS  OVEE  A  PAST 

OP  THE  South-east  of  England.— Some  interesting,  though  not 
yet  clearly  explained,  facts  relative  to  certain  tertiary  beds  overlying 
the  Chalk  of  Kent,  have  been  described  by  Mr.  Prestwich,  E.R.S., 
F.6.S.,  who  thinks  it  probable  that  they  may  be  of  the  age  of  the 
"Crag"  (see  vol.  i.  p.  223).  To  put  our  readers  in  possession  of 
the  main  features  of  this  discovery,  the  following  abstract  of  Mr. 
Prestwich's  Memoir  is  taken  from  the  Quart.  Joum.  Ged.  Soc.  voL 
xiiL  p.  212. 

On  some  Possiuteeous  Ieonstone  occurring  on  the  Noeth  Downs. 
6t  Joseph  Pesstwich,  Esq.  F.R.S.,  F.G.S. 

Besides  a  drift  of  red  loam  with  flints,  and  the  few  local  outliers 
of  lower  tertiary  sands  and  pebble-beds,  there  are  scattered  on  the 
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summit  of  the  North  Downs  from  Tolkestone  to  Dorking  a  few 
masses  of  sand,  gravel,  and  ironstone,  which  present  a  certain  regu- 
larity of  structure  and  uniformity  among  themselves,  and  are  clearly 
different  from  and  of  a  later  age  than  the  outliers  of  eooene  teHdaries 
on  the  same  hills.  Mr.  Prestwich  had  long  been  acquainted  with 
these  feirnginooB  sands  near  Vigo  Hill,  where  they  are  about  80  feet 
thick ;  and  at  Paddlesworth  and  other  places  near  Folkestone,  where 
they  are  even  better  developed ;  but,  though  the  ironstone-fragments 
derived  from  these  beds  are  frequently  found  dispersed  about  the 
Downs,  it  was  long  before  he  Act  with  any  fossib  in  these  beds, 
with  the  exception  of  a  piece  of  fossil  wood  pierced  by  Dgredo,  and  an 
obscure  cast  of  a  bivalve  shell,  near  Paddlesworth. 

In  December,  1854,  however,  some  blocks  of  gritty  ferruginous 
sandstone,  full  of  casts  of  shells,  were  communicated  to  the  author  by 
Messrs.  W.  Harris  and  Rupert  Jones,  who  had  met  with  the  speci- 
mens in  some  sandpipes  in  the  Chalk  at  Lenham,  eight  miles  east  of 
Maidstone,  and  regarded  them  as  belonging  to  the  Basement  Bed  of 
the  London  Clay.  This  fossiliferous  ironsand  on  close  examination 
yielded  easts  of  bivalve  and  univalve  shells  belonging  to  nearly  thirty 
genera,  besides  indications  of  LunMes,  Diadema,  &c.  The  presence 
of  a  Tertbratula  very  like  T,  gramiis,  with  several  species  of  Atiarte, 
and  afterwards  his  finding  a  large  Lutraria-like  shell,  led  Mr.  Prest- 
wich to  conclude  that  these  sandy  beds  belonged  to  the  Lower  Crag. 
Mr.  Searies  Wood,  to  whom  the  fossils  have  been  submitted,  states 
that,  as  far  as  the  evidence  goes,  he  thinks  they  may  be  referred  to 
the  Upper  Tertiaries,  and  in  all  probability  to  the  Lower  Crag  pe- 
riod ;  the  occurrence  of  a  Pymla  and  an  Emargimmla  more  especially 
strengthening  this  view. 

Mr.  Prestwich  assigns  without  any  doubt  this  shelly  ironstone  to 
the  fermginous  sands  above  referred  to,  and  points  to  the  peculiar 
ooncentrie  arrangement  of  the  contents  of  the  sandpipes  of  the  local- 
ity in  question  as  definitely  indicating  (in  accordance  with  the  ob. 
serrations  he  formerly  published  in  the  Society's  Journal*)  the 
former  existence  of  horizontal  strata  of^l.  (lowermost)  loam  with 
flints,— 2.  greenish  sands  with  ironstone-nodules, — 3.  yellow  and 
reddish  sands,— superposed  on  the  bare  chalk,  after  the  eocene  beds 
were  for  the  most  part  denuded,  and  before  the  sandpipes  were 
formed,  into  which  these  overlying  beds  were  here  and  there  let 

•  Vol.  X.  p.  64. 
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down,  and  thereby  piesenred  when  fiuiher  denuding  agencies  re- 
moved the  Uiter  tertuoy  beds. 

Begarding  then  the  outliers  of  ferruginous  sands  and  sandstones 
above  referred  to  as  of  the  age  of  the  Lower  Crag,  Mr.  Frestwieh 
pointed  out  the  relative  position  of  beds  of  similar  structure,  on  the 
Downs  between  Calais  and  Boulogne,  and  on  the  top  of  Castle  Hill 
near  Dunkirk ;  and  of  others  at  Louvain,  and  at  Diest  in  Belgium, 
mentioned  by  M.  Dumont  and  Sir  C.  LyelL  This  extensive  range  of 
Crag-beds  to  the  south  of  the  typical  Suffolk  area»  and  their  con- 
siderable elevation  above  the  sea,  are  of  course  matters  of  great  in- 
terest, not  only  as  pointing  out  the  relative  age  of  some  oi  the  drifts^ 
but  especially  as  giving  us  a  still  nearer  date  to  limit  the  denudation 
of  the  Weald,  and  indicating  marginal  sea-beds  now  stretching  far 
inland,  and  ranging  once  prdbably  over  the  Wealden  area, — possibly 
connected  too  with  the  Carentan  beds  of  Normandy. 

With  regard  to  the  denudation  of  the  Weald,  Mr.  Frestwieh  sug- 
gests that,  the  anticlinal  axis  of  the  Weald  having  been  somewhat 
raised  during  the  cretaceous  period,  and  the  lower  tertiaries  partly 
constructed  from  its  debris  and  gradually  distributed  over  its  area,  it 
was  again  denuded  to  a  further  extent  in  the  later  tertiary  period, 
some  island  or  islands  of  the  lower  cretaceous  rocks  remaining  in  its 
area,  from  which  for  the  most  part  these  sandy  ferruginous  Crag-beds 
were  derived.  The  great  or  final  elevation  and  denudation  of  the 
Wealden  area  was  necessarily  subsequent  to  the  deposition  of  these 
pliocene  beds,  for  their  outliers,  resting  on  an  old  flint-drift,  occur  on 
the  very  edge  of  the  upraised  chalk-escarpments  of  the  Weald.  This 
elevation  being  also  subsequent  in  time  to  the  first  or  Lower  Crag 
period,  Mr.  Frestwieh  suggests,  that  we  have  here  evidence  of  the 
physical  cause  of  the  distinction  of  the  two  Crag  periods.  Hie  first 
Crag  sea  was  open  to  the  south,  and  of  considerable  extent ;  but  the 
last  Wealden  elevation,  cutting  off  the  southern  portion,  so  altered 
the  hydrographical  conditions  of  the  period,  that  a  sea  open  only  to 
the  north  remained,  in  which  the  Bed  or  Upper  Crag,  with  its  par- 
tially boreal  fauna,  was  then  deposited. 

IV.    EXTBAKEOUS   F088IL8,  FXBBLE8,  &C.  IN   THE  ChALK. — ^Tho 

occurrence  of  pebbles  foreign  to  the  chalk-formation  and  other  tra- 
velled fragments  of  rocks  in  the  Chalk  is  comparatively  rare,  as 
stated  at  p.  487 ;  but  so  interesting  an  exception  to  the  rule  was 
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brought  to  light  last  summer,  that  the  foUowing  abstract  of  Mr. 
Godwin-Aasten's  Memoir  on  the  subject,  read  before  the  Geological 
Society,  December  16, 1857,  is  here  placed  before  the  reader. 

The  boulder  which,  together  with  some  associated  fragments  and 
sand,  formed  the  subject  of  the  communication,  "On  a  Granitic 
Boulder  out  of  the  Chalk  of  Croydon,  and  on  the  Extraneous  Rock- 
fragments  found  in  the  Chalk,"  by  K  Godwin-Austen,  Esq.,  F.R.8., 
F.G.S.,  was  found  by  the  workmen  in  a  chalk-pit  at  Purley,  about 
two  miles  south  of  Croydon.  Mr.  E.  Simmonds  drew  the  attention  of 
Dr.  Forbes  Young  to  this  interesting  discovery,  and  the  latter  gen- 
tleman secured  what  remained  of  the  boulder  i^ter  it  had  been  much 
broken  up,  and  presented  it  to  the  Society.  The  largest  remaining 
fragment  ia  apparently  one  end  of  an  irregularly  oval  well-rounded 
boulder,  originally  about  3  feet  long,  of  a  granitic  rock,  composed  of 
quarts  and  felspar.  The  boulder  was  accompanied  by  some  decom- 
posing fragments  of  a  felspathic  trap-rock,  and  with  a  compact  mass 
of  silicious  sand,  which  Mr.  Goodwin-Austen  carefully  exposed  on 
a  Tisit  to  the  chalk-pit.  This  collocated  mass  of  rock-fragments  and 
sand  the  author  regarded  as  being  truly  water-worn  beach-material, 
deriyed  from  some  old  coast-line  of  crystalline  rocks.  Other  smaller 
specimens  of  crystalline  rocks,  quartzites,  ftc,  have  been  found  in 
the  Chalk  of  the  South-east  of  England.  These  are  all  water-worn : 
some  are  quite  rounded ;  and  many  of  them  bear  the  remains  of 
attached  shells  and  soophytes :  but  they  are  nearly  always  isolated 
in  position,  except  at  Houghton  (Sussex),  where  they  were  met  with 
scattered  over  a  uniform  level. 

The  author  proceeded  to  describe  the  conditions  of  the  "marginal 
sea-belt," — where  pebbles  are  found  in  existing  seas,  and  where  also 
certain  molluscs  and  zoophytes  having  habits  of  attachment  occur. 
From  such  a  marginal  zone  floating  sea-weed  might  have  borne  the 
majority  of  the  extraneous  pebbles  now  found  in  the  Chalk.  Of  this 
formation,  the  author  observed  that  the  "  YHiite  Chalk  "  ranged  as 
far  north  as  a  line  reaching  from  the  North  of  Ireland  to  Riga,  on 
the  Baltic,  and  extended  in  a  broad  zone  over  North  Germany.  In 
North  Europe  the  conditions  of  the  deposit  were  very  uniform  over 
the  Anglo-French  area,  where  800  feet  is  its  average  thickness,  and 
where  it  ia  of  deep-water  origin.  Its  fauna,  however,  is  somewhat 
anomalous;  much  of  it  has  drifted  from  shallower  zones  of  the 
searbed.    The  littoral  or  marginal  shingles  of  the  lower  cretaceous 
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series  lie  towutb  the  west ;  that  of  the  Lower  Greensand  is  seen 
in  the  Fatringdon  Gravels ;  that  of  the  Gaolt  in  the  Halden  Sands. 
The  Chalk  propter  filled  up  the  deeper  and  subsiding  sea^bed  at  a 
period  synchronoos  with  the  deposition  of  some  of  these  littoral 
beds,  and  at  the  time  of  the  greatest  extension  of  the  area  of  the 
Cretaceous  Ocean,  the  littoral  beds  of  which  are  recognisable  in 
the  South  of  Norway  and  Sweden,  in  Westphalia  and  Rhenish 
Prussia^  Sec,  and  the  area  of  which  probably  may  be  regarded  as 
reaching  from  the  Rocky  Mountains  at  the  head  of  the  Missouri, 
over  Texas,  Florida,  the  eastern  side  of  the  Allegfaanies,  the  West 
Indies,  and  a  broad  belt  of  the  Atlantic,  to  North  Africa^  Central 
and  Northern  Europe,  with  bold  extensions  into  Western,  Central, 
and  even  Eastern  Asia.  Central  Europe  then  presented  the  aspect 
of  a  huge  archipelago  from  its  many  extensive  ishuids,  of  which  one 
of  the  largest  was  an  area  comprbing  the  chief  part  of  France, 
the  north-east  of  Britain,  Ireland,  Norway,  Sweden,  Lapland,  and 
what  are  now  the  separating  channels ;  together  with  a  part  of  the 
Atlantic  to  the  west  and  south.  From  the  northern  part  of  the  old 
land-area  the  author  believes  that  the  granitic  boulder  of  Croydon 
was  derived.  And,  as  it  is,  in  his  opinion,  too  massive  to  have 
been  transported  by  floating  trees,  as  Mr.  C.  Darwin  describes  an 
isoUted  rock-fragment  to  have  been  conveyed  to  the  coral-islands 
of  the  Keeling  group,  —  or  by  sea-weeds  (the  floating-powers  of 
which  the  author  has  studied  in  the  English  Channel), — ^Mr.  Godwin- 
Austen  refers  to  an  ice-floe  as  the  i^ent  by  which  such  a  Uock 
could  alone  have  been  lifted  from  the  coast  and  conveyed  far  out 
to  sea.  The  possible  occurrence  of  rare  and  isolated  boulders  in 
the  chalk-sea  under  such  conditions  was  analogous,  in  Mr.  Austen's 
opinion,  to  the  occasionally  extended  voyage  of  icebergs  at  the 
present  day  to  the  coast  of  Irehmd,  the  Azores,  and  even  to  the 
Madeira  Islands. 

[The  large  portion  and  several  pieces  of  the  granitio  boulder  and 
fragments  of  felspathio  greenstone,  from  Croydon,  presented  by 
Dr.  F.  Toung,  are  in  the  Geological  Society's  Museum ;  and  several 
series  of  Pebbles,  &c.  from  the  Chalk,  are  in  the  Collections  of  the 
Rev.  T.  Wiltshire,  F.G.a,  W.  Cunnington,  Esq.,  F.G.S.,  W,  Harris, 
Esq.,  F.G.S.,  J.  S.  Bowerbank,  Esq.,  F.R.S.,  and  H.  Catt,  Esq.,  and 
in  the  Society's  Museum.] 
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acbphala 

aciculab 
Aebouteb    .. 

IklAM 

Aixunuv     .. 
ALomfOUB  .. 

ALXnUNIUM   .. 

Altsola 
Amobphous  . . 
Ahtodaloid.  . 

AMAflrrOMOSED 
ANCHTU)8ED.  . 

Amneudes   .. 

Antbhna 
Anthozoa    . . 
Amthracttb.  . 
Anthbaoothkbium 

Aptebtx 

abb0bi8cbnt 
Abbnacboub  . . 
Aboillaobocs 
Abticulata.  . 

Abuitdinacboub 

ASCIDUB 
AflT&SA 
ACOITB 
AULOLIFIB     .  . 


headless;  moUosooiu  animBli  without  a  head,  as 

the  ouster,  ftc. 
needle-hke,  diarp-pointed. 
air-stones ;  mineral  maasee  that  &U  from  the  at- 

moephere. 
a  family  of  marine  pUuta. 
water-Dorne  materials,  especially  nTer-^eposits  of 

recent  formation, 
clayey. 

metaUic  base  of  clay, 
sockets  of  the  teeth. 
shapeless ;  dcToid  of  regular  form. 
almond-like;  cellular  Tolcanic  rocks,  the  cavities 

of  which  are  filled  with  other  substances, 
branching  and  interlacing, 
joints  of  bones  immoTeaoly  united, 
animals  having  an  external  integument  formed  of 

rings ;  as  the  Worm, 
the  feelers  of  insects. 
jUnoeT-animaUy  as  the  Actinia, 
stone-coal,  or  culm, 
an  extinct  animal,  allied  to  the  paUeotheria,  found 

in  brown- coal. 
desititvde  of  wings  ;  applied  to  a  particular  genus 

of  bird, 
tree-like. 

sandy,  or  composed  of  sand, 
dajey,  or  composed  of  clay, 
animals  without  an  internal  skeleton,  and  having 

jointed  coverings,  as  Insects, 
plants  of  the  reed-tribe, 
shell-less  mollusks,  shaped  like  a  bottle, 
a  genus  of  corals. 

a  dark-green  mineral  found  in  many  volcanic  rocks 
p<]p0-tca/(f  fish. 
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BABTm 
Basalt 


Babim  . 


Batbachiah.. 
BEUocNm  • . 


Bifid  . . 

BiLOBBD 

BrruMKK 
Bbachial     . . 
Bbacuiopoda 
Bbanchia     . . 
Bbbocia 
Bbtozoa 


Calo-bditbb 

Calcadkb  obossikb 

Galcabboub  . . 

Calcium 

Campanulabia 

Cancbllatbd 

Gatsulb 


Cabbon 
Gabbonatb  of 

CABBOmFBBOUB 

Cabkboub 

Cabtophtlua 

Caudal 

CsBTBIFUaAL 

Cephalic     . . 
Gbpbalopoda 

Cbbtioal 
Cbtacba 
Chalcbdont 

Chbla 
Cbelonia 
Chbbt 
Choanitb     . . 

ClBBKI 

Cilia  . . 


heaTy-spar ;  a  mineral  so  called. 

a  laTa,  composed  of  aiig:ite  and  felspar;  often 

oolnmnar. 
a  series  of  deposits  formed  in  a  depression  of  older 

roeks,  or  bent  np  into  a  basin-like  or  tnmgb- 

sbaped  form  by  sabseqnent  movements, 
animsis  analogous  in  stroctore  to  the  frog ;  as  the 

Salamander, 
(from  belemnon,  a  dart),  fosril  internal  shell  of  an 

extinct  genns  of  cuttle-fish, 
dirided  in  two  parts,  or  forked, 
divided  into  two  lobes, 
minersl  pitch  or  tar. 
belonging  to  the  arm. 

molluscous  animsis  Uiat  have  arm-like  processes, 
aquatic  organs  of  respiration,  as  gills, 
conglomerate  of  fragments  of  rocks. 
moiM'€tmmals  i  a  group  of  marine  animals,  as  the 

Flnstrs. 

dtion  from  thermal  springs  charged  with  car- 
oate  of  lime, 
a  tertiarr  limestone  of  the  Paris  basin, 
composed  of  lime. 
metalUc  base  of  lime, 
a  bryozoan  with  bell-shaped  cells, 
the  cellular  structure  of  a  bone, 
a  little  box  or  other  containing  carity,  a  botanical 

term, 
the  elementary  substance  of  charcoal,  coal,  and  the 

diamond, 
lime  and  carbonic  acid, 
belonging  to  coaL 
fleshy. 

a  cloTe-like  coral, 
belonging  to  the  tail, 
a  force  directed  from  the  centre  to  the  circmnfier- 

ence. 
belonging  to  the  head, 
animius  harinf  the  instruments  of  motion  placed 

around  the  head ;  as  the  Cuttle-fish, 
belonging  to  the  neck. 

marine  mammalia,  as  the  Whale,  PorpoiBC,  fto. 
a  species  of  silex,  named  from  Chalceaon,  a  city  of 

Asia,  near  which  it  is  found  in  great  abmidance. 
pincer-clawB. 

animals  of  the  turtle  tribe, 
a  silicious  mineral  aUied  to  flint  and  chalcedony, 
a  zoophyte  of  the  chalk, 
curled  processes,  as  in  the  Barnacle, 
hair-like  ribratory  oigans. 
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Clayated  . . 
Clbayaob 

coijk>pteka.. 

CONCHOIDAL .  . 
COMCBETIOK  .  . 
CONDTUI 
COHVOBMABLB 
CoNOLOHEKAn 

ComrxBJB 

COBDIFOBM  .  . 
CORMBEASH  .  . 
CosnCIFEBOUB 

cottuedox8.. 
Cbao  . . 


Crates 

csatkbifobm 
Cbskulated 
Cbetacboub . . 
Crimoidka    . . 
Crop  out 

Crucial 
Crustacea  . . 

CRTFTOOAiaA 

Crtbtalldte 

Crtbtals 

Cupreous 

Cupriferous 

Ctathiforic 

Cycaoacejs  and  Cy- 

CADBA 

Debris  (French) 

Beciduoub    . . 

Delta 

Dekdritio    . . 
Dekudation 


Dermal 
Desiccatioit  . . 
Detritus     . . 
Dicotyledonous 

DlDELPHIS 


dnb-shaped. 

the  Bystem  of  diTisioiial  planes  in  which  cryBtals  may 
he  cleayed ;  the  laminated  strncture  in  sfate-rockB. 

insects  harinff  wing-cases,  as  Beetles. 

sheU-like. 

a  coalition  of  separate  particles. 

an  articulating  surface  or  joint. 

applied  to  parallel  strata  lying  upon  each  other. 

peohles  or  waterwom  fragments  cemented  together, 
as  in  Pttddingstone. 

trees  hearing  cones,  as  the  Fir,  Pine,  &c. 

heart-shaped. 

a  coarse  snelly  limestone  of  the  oolite. 

hark-hearing. 

seed-lobes  of  plants. 

a  term  applied  in  Suffolk  to  certain  tertiary  beds 
of  sand  and  sheUs. 

the  Tent  of  a  Tolcano. 

haying  the  form  of  a  crater. 

notched,  or  toothed. 

belonging  to  chalk. 

lily-shaped  animals. 

signifying  the  emergence  of  a  stratum  on  the  sur- 
face. 

in  form  of  a  cross. 

animals  haying  an  external  crust  or  skeleton,  as 
the  Crab. 

pUmts  with  concealed  fructification,  as  Mosses, 
Ferns,  ftc. 

presenting  the  structure  of  crystals. 

symmetrical  forms  assumed  by  mineral  substances. 

coppery. 

copper-bearing. 

cupH-shaped. 

a  family  of  plants,  including  Zamia  and  Cycas. 

the  ruins  or  detritus  of  rocks  and  strata,  or  the 

fragments  of  shells,  &c. 
parts  which  are  shed,  as  leayes  of  trees ;  botani- 

caUy,  haying  the  habit  of  shedding, 
allurial  deposits  formed  at  the  mouths  of  riyers. 
tree-like ;  oranched  like  a  tree, 
the  removal  of  strata  by  the  action  of  water,  so  as 

to  expose  the  rocks  beneath,  as  in  the  Wealden 

of  the  S.£.  of  England, 
belonginfl^  to  the  skin, 
the  act  of  drying, 
disintegrated  materials  of  rocks, 
plants  with  seeds  having  two  lobes, 
a  marsupial  animal,  allied  to  the  opossum. 
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DiLuniTii 
Dip     .. 

DiPTKBA 

DiBCOIDAL 

DOLOSOTB 

Dbubbs 


Dtu. 


Earth's  Gbust 

ECHINODKBMATA 


ECHIKUS 

Edkntuloub. 

Elttba 

Ekchiiotb 

Entomostbaca 

EOCEKB 

Ephemebon  . 

Eroded 

EscARpMEirr. 

EXUYLS 

Fault 

pALxm 

Fauna 
Felspar 

Felbpathio  . 

Ferruginous 

Flora 

Flutiatile  . 

Flutio-marinb 

Fouaceous 

Foraminifera 

Formation 

f088iliferou8 
Fusiform 

Gasteropoda 

Gelatinous  .. 


deluge;  a  termemplojedtodeBigntteancieRtallii- 
yial  deposits. 

the  incUiiatioii  of  strata. 

insects  haTing  two  wings. 

in  the  form  (Ha  disk. 

CTTBtalline  magnesian  limestone. 

the  cavities  in  minerals,  lined  with  minute  cmtals ; 
as,  for  example,  dnuy-quairU  in  the  hollows  of 
flint-nodules. 

an  intruded  vein  of  melted  matter  into  rents  or 
fissures  of  rocks. 

that  portion  of  the  solid  surface  of  the  earth  whidi 

is  accessible  to  human  observation, 
animals  having  a  prickly  external  integument,  as 

the  Starfish,  Sea-Urchin,  &c. 
sea-urchin. 
toUhlen ;  animals  having  no  front  teeth,  as  the 

Armadillo, 
wing-cases  of  insects, 
a  ffenus  of  lily-shaped  animals, 
a  laijTO  family  of  the  crustaceans,  including  the 

Truobites,  Cyprides,  ftc. 
dawn  oftherecetU  period ;  the  early  tertiary  strata, 
the  creature  of  a  day. 
worn  away. 

a  steep  siae  of  a  hill  or  mountain-chsin. 
sheddings  of  animals  and  plants,  or  their  reUcs. 

interruption  of  the  oontinnity  of  strata  with  dis- 
placement. 

a  French  term  for  tertiary  strata  analogous  to  the 
Crag. 

the  sooloffy  of  a  particular  country. 

a  mineral  which  enters  into  the  composition  of 
many  crystalline  rocks. 

belonging  to  or  composed  of  felspar. 

impregnated  with  iron. 

the  botany  of  a  particular  country. 

belonging  to  a  river. 

partly  of  fluviatile,  and  partly  of  marine  origin. 

leaf-like  or  leafy. 

a  division  of  animalcules  having  perforated  shells. 

a  group,  or  series  of  strata,  supposed  to  have  been 
formed  during  one  geological  period. 

fossil-bearing. 

spindle-shaped. 

moUusks  with  the  locomotive  organs  on  the  under- 

part  of  the  body,  as  the  SnaiL 
jelly-like. 
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Ou>iiora 
goboonia     . . 
Gbalub       . .        • 

G&AXIirACEJI  ASD 

Gbaxinza 
gsahules     .. 
GBSEVSAin)  (upper 

and  lower) . 

GRBENflTOira . 

Gbbtwackx  . 
Gbtt  .. 
Gypsum 


Hebbitoboub 

HOLOPTTCHmS 
HOMALONOTUS 

HOBfOLOOUB  • . 

HYALnnE 
Hydba 
Hydbozoa    . . 
Hyvenoftbba 
Hypoobnb    .. 

ICXBEBOS 

Iguana 
Imbbicatbd  . . 

lMCA2a>K8CEKT 

Imductiok  . . 
Inpubobia  . . 
Insectitobous 
Inspissated  . . 
Inyebtkbbata 


Lacustbinb  • . 
i^asiellatkd 
Laxelufobx 
Lamina 

Lafilu 
Labta 

JiATA  .. 

Lepidoptbba 
Lias   .. 


globe-like. 

a  ffenuB  of  flexible  arboreacent  corals. 
ittUs  ;  applied  to  birdi  haying  long  legs  and  feet, 
like  the  Heron. 

the  order  of  plants  comprising  the  grasses, 
little  grains.   . 

members  of  the  chaDL-formation. 

an  ancient  Tolcanic  rock. 

hard  gritty  rock,  more  or  less  metamorphic. 

coarse  sandstone. 

sulphate  of  lime. 

insects  with  wings  half  homy  and  half  membra- 
neous. 

animals  that  eat  herbs,  as  cattle. 

ailwrinkle  fish,  in  allusion  to  the  corrugated  scales. 

tmooth'baek;  name  applied  to  a  genus  of  trilo- 
bites,  in  which  the  lobes  are  but  feebly  produced. 

the  anslogous  organ  in  different  animals. 

of  a  glassy  or  crystalline  appearance,  or  pellucid. 

freshwater  polype. 

coral-polyues  organized  like  the  Hydra. 

insects  witn  four  membranous  wings. 

rocks  formed  in  the  interior  of  the  earth,  as  Granite. 


LlGNITB 


floating  masses  of  ice. 

a  lizard  of  the  West  Indies. 

laid  oyer  each  other  like  scales  or  tiles. 

applied  to  mineral  masses  in  a  state  of  intense 

fusion, 
the  deriyation  of  principles  from  facts, 
microscopic  animals  that  abound  in  infusions, 
animals  uat  Uye  on  insects,  as  the  Hedgehog, 
^ed  up. 
animals  without  a  bony  spine  or  yertebne,  as 

worms,  lobsters,  &c. 

belonffing  to  a  lake. 

formra  of,  or  coyered  with,  thin  plates  or  scales. 

shaped  like  a  thin  plate  or  scale. 

thin  plain  ;  the  thm  layers  of  which  a  stratum  is 
composed. 

a  yariety  of  yolcanic  ashes. 

tiie  first  stage  of  an  insect 

melted  mineral  matter  erupted  from  yolcanos. 

insects  haying  scaly  wings,  as  Moths. 

a  provincial  term,  applied  to  a  group  of  strata  situ- 
ated between  the  new  red  sandstone  and  the  oolite. 

carbonized  wood. 
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OLOBSAJtT. 


LrmoDOia   . . 

LiTHOLOOICAL 
LITHOPHTTB8 
LiTTOBAL 
L0B8S  . . 
LTOOPODIACBii 

Macbura 
Macbopoma  . . 

If 4inf ATJA   OB 


Mammillatbd 
Mandibles   . . 
Haktu 
Mabl  . . 
Mabsufialia 

Matbix 

Kbdullabt  . . 


Mbtamobphio  OB ) 
Metamobphosbd  / 

Mbtamorphism  OB  j 
Mbtamobphoszb  j 

KiCA 


M ICACB0U8     . . 

Miocknb 
M0LABB8 
Molecules   . . 
M0LLU8GA 

Monads 

MONITOB 

MONOOOTTLBDONOUS 

MOBAINE 

MULTILOCULAB 

MUI.TIVALVE 

MUBCHBLKALK 

Nacbeous     . . 

Neubopteba 

Nodule. 

Nobkal' 

Nuolettb 

Obsidian 
Occiput 


molluea  which  perfonte  stones,  shells,  kc. 
the  stony  character  of  a  mineral  mass. 
tUme-pUmU;  a  tenn  applied  to  corals. 
belon^:ing  to  the  sea-shore, 
a  tertiarr  deposit  in  the  valley  of  the  Bhine. 
the  family  of  club-mosses. 

Umg-tailed  cmstaoeans,  as  the  Lobster. 
long-cpereulum  ;  name  of  a  fossil  fish. 

animals  which  give  sack  to  their  young. 

studded  with  mammillffi  or  rounded  protuberances. 

jaws. 

the  soft  bodj-enTelope  of  the  moUusks. 

a  mixture  of  lime  and  clay. 

animals  which  carry  their  young  in  a  pooch,  as 

the  Kangaroo. 
womb;  the  substance  in  which  a  mineral  or  a 

fossil  is  imbedded. 
marrow-iike ;  a  term  applied  to  the  central  pith 

in  plants,  and  to  the  matter  of  the  brain  and 

spinal  cord  in  animals, 
altered  rocks,  such  as  clay-date,  quartzite,  gneias- 

ose  schist,  &c. 
the  change  induced  in  strata  by  being  subjected 

to  pressure  and  high  temperature, 
a  simple  mineral,  one  of  the  component  parts  of 

gnmite. 
containing  mica, 
middle  tertiary  series, 
grinding  teeth, 
microscopic  paurtides. 
soft  animaU,  destitute  of  a  bony  structure,  as 

Mussels,  Snails,  &c. 
the  minutest  infusorial  animalcules, 
a  genus  of  lizards  inhabiting  the  tropics, 
plants  having  seeds  with  but  one  lobe,  as  Wheett, 
an  accumulation  of  debris  formed  in  ndleys  by 

glaciers, 
many-chambered  shells,  as  the  Nautilus, 
shells  composed  of  many  pieces,  as  the  Qiiton. 
thell'Umettone  of  the  lYiassic  series. 

pearly. 

insects  having  wings  finely  nerTed,as  the  Dragon-fly. 

a  rounded  mineral  mass,  as  a  chalk-flint. 

natural  or  re^ar  condition. 

a  kernel  or  pomt  round  which  other  materiab  collect 

glassy  lava. 

tne  back  part  of  the  skull. 
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Ck>UTx 

Ofebculum 


Ophidic 

OBHITIEOBaTHCHUS  • 


OflUCULA 

Otatb 

Otipasous 

OlTTLm 
OZIDB 


limestone  composed  of  an  aggregation  of  spheroidal 

particles. 
a  &d;  applied  to  the  giU-coTering  in  fishes,  and  the 

plate  that  closes  the  aperture  in  some  uniyalye 

shells, 
the  snake  tribe. 
Urd'beak  ;  a  genns  of  animals  haTing  the  mouth 

prodoeed  into  a  beak  like  a  bird, 
small  bones, 
eg^-shaped. 

animals  which  bring  forth  egtn. 
a  detached  or  isolated  mass  of  strata, 
^e  oombination  of  oxygen  with  any  metallic  sub- 


Pachtdkbxata 
Pai^aostoloot 

PABIETI9 
PSCTIKATBD  .  . 
PSDIfOlIM 

Pedukclk 

PXULOIC  OR  PkLAOXAN 

Pkperino  • . 
Pbtbolsum  . . 

PlNHATB 
PnOUTB 

Plxxub 

PUOCKNS 

Plumosb 

POLTPITnA  .  . 

porphtbt  . . 
pokzuolana .  . 
Pbbcipitate 

PB(m>ZOA 


Pttchodus 

Puiacs 

Pybifobx 

PTBim 

Pybogckoub 


QUADBUXAHA 
Qul-QUA-VXBSAL 
QUABTZ 
QVABTZOfiB     .. 

Rabiata 


thick-skinned  animals,  as  the  rhinoceros,  elephant, 

Ac 
the  science  which  treats  of  extinct  animals  and 

Tegetables. 
the  walls  of  the  cayities  in  animals, 
toothed  like  a  comb, 
shaped  like  a  foot, 
a  stalk  or  support 
belongin^^  to  aeep  seas, 
a  Yolcamc  conglomerate  or  tuff. 
Mione-ail;  mineral-oil. 
shaped  like  a  feather  or  fln. 
pta-ttone ;  resembling  peas  agglutinated  together, 
a  bundle  of  yessels. 

the  newer  groups  of  the  tertiary  formation, 
feather  lik& 
potyp-hearing  :  corals, 
an  ancient  igneous  rock. 

a  Tariety  of  Tolcanic  ashes  used  for  making  cement 
the  chemical  separation,  and  deposit  in  a  solid 

form,  of  a  substance  hUd  in  solution  by  water. 
fint  animals;  the  lowest  or  simplest  animals,  such 

as  Sponges,  Foraminifera,  fto. 
wrinkU'iooth  fish, 
light,  sponey,  or  porous  lara. 
pear-shaped. 

sulphide  or  bisulphuret  of  iron. 
Jlre-bom ;  igneous,  applied  to  ancient  melted  rocks. 

four-handed;  the  monkey  tribe. 

appUed  to  concentric  strata,  that  dip  on  every  side. 

a  mineral  composed  of  pure  flint 

rocks  composed  of  silex  or  flint 

one  of  the  lower  divisions  of  the  animal  kingdom ; 
including  the  Corals,  Echinoderms,  &c. 
3  B 
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GT.OSSABT. 


IUmose 
Rezofobm     . . 

RSTICULATXD 
RODBNTIA       . . 


RUBBLa 

BuxniANTiA 

6A17BIAN8 

Saubo-batbachianb 

SCAPHITB 

Schist 

SCOBIA 

Sbdimentabt 
Seobeoation 
Septa 
Seftabia 

Sebbatbd 
Sebtulabia  . . 
Shale 

SiLEX 

Silicon 
SnjoionB 

SiLIOIFISD     . . 

Silt 

Sixteb 

SPATAHOim    .. 

Spathobe     . . 
Spheboidal  . . 
Spicula 
Sqvamoub     . . 
Stalactitb  . . 


Stalaomits  . 

Stellttlab   • 

Stebnal 

Stebnux 

Stbatified  . 

Stbatum 

Stbike 

Stufab 
Steiotb 


Tentaoula 
Tebtllbt 


brtncHed. 

kidney-shaped. 

reBembling  net-work. 

yiMMMfv ;  an  order  of  animals  baTing  teeth  of  a 

peculiar  stmcture,  by  which  the  j  can  gnaw  holes, 

as  the  Rat,  Squirrel,  ftc. 
beds  of  fragmentarj  stone, 
animals  that  chew  the  cud,  as  the  Deer,  Ox,  &c. 

reptiles  of  the  lizard  order. 

extinct  rentiles  that  partook  of  the  characters  both 
of  lizards  and  froes. 

extinct  genus  of  oepnakpods,  of  a  boat-like  form. 

hard  huninated  ana  shiVSery  rock 

▼olcanic  cinders. 

deposited  as  a  sediment  by  water. 

a  chemical  separation  of  mineral  substances 

partitions,  as  in  the  sheUs  of  the  Nautili. 

mdurated  nodules  of  clay,  having  crevices  filled 
with  8^ 

toothed  hke  a  saw. 

a  genus  of  arborescent  corals. 

laminated  day. 

flint. 

the  base  of  flint 

flinty. 

changed  into  flint. 

fluviatile  or  marine  mud. 

a  precipitate  from  mineral  qwings. 

a  genus  of  sea-urchins. 

sparry,  blade-like. 

oolate,  or  having  the  form  of  a  spheroid. 

pointed  pin-like  particles. 

scalv. 

penaent  masses  of  carbonate  of  lime  or  other  mi 
neral. 

calcareous  concretions  formed  on  the  floor  of  cavet 
by  droppings  from  the  roof. 
,   havmg  star-luce  forms. 
,   relating  to  the  sternum  or  chest. 

>  the  breast-bone. 

>  deposited  in  hiyers. 

,   a  layer  of  any  deposit. 

,   the  direction  or  Ime  of  bearing  of  strata,  which  is 

always  at  right  angles  with  the  dip. 
.   volcanic  vents  emitting  gases  and  vapours. 
.    a  species  of  granite  in  which  hombiende  supplies 

the  place  of  mica, 

.   feelers. 

.   geological  formations  newer  than  the  chalk. 


0LOSSA.BT. 


Testacsa 
Thsbmal 
Thoracic 
Tbachttb    . 
Trap-bockb  . 

Trayebtine  , 
Tricuspid 
Tridacttle, 
Trilobate   . 
Tbilobttes  . 

tubipoba     .. 
Tufa  ob  Tuff 


tubbinated 

TJnconvobmablb 

Ungulata  . . 
Univalvb     .. 

Veins 

VEBlOSd 

Vebmifobh  . . 
Yebtebbated 

Vebticillatb 
Vbbiculab  . . 
Villi  . . 


VlTBIFICATIOV 

VnriPABOUS  . . 

Zeolite 

Zoology 
Zoological  .. 
zoopbtteb  .. 


sbell-fisb;  molloacs. 

hot. 

belonging  to  the  chest  or  thorax. 

a  Tariety  of  lava  chiefly  composed  of  felspar. 

ancient  Tolcanic  rocks ;  the  term  deriyea  from  the 

Swedish,  trappa,  a  stair, 
crystalline  tnfaceons  Hmestone.  • 

having  three  points, 
three-flngerea. 
three-lobed. 
an  extinct  fiimily  of  cmstaoea,  the  body  divided 

into  three  lobc«. 
organ-pipe  coral ;  corals  composed  of  tubes, 
a   porous   calcareous    deposit   from    incmsting 

streams ;  and  an  earthy  Tolcanic  rock, 
top-shaped,  in  form  of  an  inverted  cone. 

strata  lying  in  a  different  position  to  those  on 

which  they  rest, 
hoofed  animals, 
shell  composed  of  but  one  piece. 

fissures  in  rocks,  filled  up  by  mineral  substances. 

worms. 

worm-shaped. 

animals  having  an  osseooA  i^al  column  of  ver^ 

tebr». 
arranged  in  whorls, 
full  of  vesicles  or  cells, 
processes  in  animal  structures,  resembling  the  pile 

of  veWet. 
the  fusion  of  a  substance  into  glass  by  heat 
bringing  forth  live  young. 

firoth-ttone ;  peculiar  minerals  found  in  volcanic 

rocks, 
the  study  of  animals, 
relating  to  animals. 
animaf'pkmtgf  a  term  applied  to  corals  and  other 

animals  that  resemble  vegetables  in  form. 
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COBBIGENDA.— VOL.  I. 

Page  Tiii.  lines  8  and  8  from  bottom ;  for  Holteoeanms  rtad  HTlcoeanrns 

—  117,    —  7  /or  PuMUoreorfPuiiuolL 

—  146,>brLiOK.23,  f«cMfLiON.23». 

—  163,  J^  Lion.  24,  rtoA  Lion.  24*. 

—  158, /or  Lion.  25,  rtad  Lion.  25*. 

—  160,  line  28  from  top ;  f<fr  Mastodon  angnstidens  (nairow  tooth) 

Ttad  Mastodon  Arvernensis  (of  Anyergne). 

—  185,  in  the  note ;  for  Phooene,  rtad  Pliocene. 

—  206,  in  the  note  \jfMr  ytvofia  rtad  ytvoftau 

—  332,  line  14, /or  C^nstaUana  rtad  Cristellaria. 

—  384,  bottom  une ;  for  Cotallines  rtad  Corallines. 

—  376,  in  (he  note ;  for  Brown  rtad  Bronn. 

—  405,  in  the  note  ;  brfort  composed  rtad  partly. 

—  429,  line  11  from  top ;  for  spme  recKi  jomt. 

—  433,  in  thenote;  for  1841  rtad  1889—1841. 

—  440,  line  23  from  top ;  for  tooth-iTorj  rtad  ijorj, 

pL  Ti.,  opposite  p.  480,  ^br  4|  inches  rtad  it  feet. 


VOL.  n. 

Page  486,  line  11  from  bottom ;  dele  the  asterisk. 

—    ia  the  note ;  for  Rev.  C.  Fisher  read  Rer.  0.  Fisher. 

—  487,  in  the  note ;  for  Henrj  Carr,  Esq.,  read  Henry  Catt,  Esq. 

—  494,  line  12  from  top ;  for  Himalay  as  read  Himalayas. 

—  774,  in  the  note ;  for  were  read  aro  to  be. 

—  873,  in  the  note ;  for  Lnrullo  rtad  Jurollo. 

—  906,  line  5  from  Iwttom,  and  p.  909  in  the  note ;  for  Beonerel  rtad 

BecqueieL 


DIRECTIONS  TO  THE  BINDER. 

*4»«  The  Engraying  of  the  Country  of  the  Igoanodon  is  to  front  the 
TiUe-PageofVoLL 

The  Geological  Map  of  England,  Plate  L  to  be  placed  opposite  to 
p.  474,  Vol.  I. 

Plates  II.  III.  and  IV.  to  face  their  respectiTe  descriptions  in  Vol.  I. ; 
Plates  V.  and  VI.  to  be  placed  at  the  end  of  Vol.  II.,  opposite  to  p.  985 
and  p.  986. 


DE8CEIPTI0N  OF   PLATE  V. 


LirmO  Z0OPHTTE8  AND  BBT0Z0AK8;     LE0TT7BE  TI. 


Fig,  1.  Siftulearia  setaeea  ;  a  branch  with  three  polypes  expanded ;  highly 
magnified ;  p.  620. 

2.  Campanularia  gtlatinota;  a  branch  highly  magnified ;  some  of  the 

polypes  are  protmded,  and  others  within  their  cells ;  p.  621. 

3.  Gcrgonia  paiuh  ;  magnified  yiew  of  a  branch,  with  six  polypes  ex- 

panded; p.  628. 

4.  The  coral  of  Cary^phylUa  fateieuiata  ;  p.  624. 

5.  Fhutra  piloiOj  encircling  a  piece  of  facns ;  natural  size ;  p.  606. 

6.  A  single  cell  of  Fhtttra  pihtOy  with  the  polype  protmding  its  ten- 

tacnla;  p.  613. 

7.  A  single  cell  of  a  Flnstra,  with  the  included  polype ;  p.  613. 

8.  A  small  portion  of  a  Flustra  magnified,  to  show  the  form  and  ar- 

rangement of  the  cells ;  p.  612. 

9.  CoraUium  rubrum,  or  red  coral ;  a  branch  with  its  fieshy  invest- 

ment, and  BCTeral  polypes  in  different  states  of  expansion,  as 
they  appear  when  aliye  in  the  sea ;  p.  630. 

10.  Alcyonium  gelatinotum  ;  a  portion  highly  magnified ;  some  of  the 

polypes  are  expanded,  and  others  in  yarious  states  of  contrac- 
tion. The  substance  so  .commonly  attached  to  shells  and  stones 
on  our  sea-coasts,  and  known  by  the  name  of  Dmd-mtiri  %  jinger%^ 
is  a  compound  zoophyte  of  this  kind,  and  is  termed  Ahyanivm 
digiUiiwn,    (See  Dr.  Johnston's  British  Zoophytes,  pi.  26.) 

11.  PoeiUapora  etrukcty  from  the  Indian  seas;  drawn  when  aliTe  in 

the  water ;  p.  624. 


D]RSCRIPTION  OF   PLATE  VI. 


ijTiKO  zoopirrm;  lbctubs  tl 


Fiff,  1.  PawmHi  kutuoa;  a  group  of  four  oeUt,  eaek  coU  oimteiiiiBg  a 
beautifiil  green  polype  -,  from  the  rfiores  of  the  Sooth  Sea  Is- 
lands; p.  626. 

2.  Branch  of  Gorgonioy  ftom  the  West  Indiea;  p.  628. 

8.  Branch  of  a  Gorfomoy  from  the  Mediterranean;  p.  62S. 

4.  A  polype  of  Tubipora  rubMla^  protnided  frtmi  its  tahe ;  p.  231. 

6.  Madrepora pkmtaginea,  with  the  polypes  expanded;  p.  625. 

6.  The  disk  of  the  polype  represented  in  Ji^,  4,  when  folly  expanded' 

7.  Three  connected  tabes  of  Sartimtla  mtmetUis,  magnified,  to  show 
.    the  internal  stroctnre ;  p.  619. 

8.  TttrhinoUa  rubra,  with  tiie  body  of  the  soophyte^  as  seen  afiTe ; 

p.  622. 

9.  Sareinula  munoalis,  or  organ-pipe  cond ;  ftt>m  the  shons  of  New 

Sonth  Wales,  as  it  appears  in  the  water,  with  ita  beantilbl  green 
polypes  protruded ;  p.  631. 

10.  A  single  detached  polype  of  A9ir€ta  vMfii,  highly  magiafied; 

p.  626. 

11.  A  gronp  of  Hying  AeHnuBy  or  Sea  anunal-flowers ;  p.  622. 

12.  A  polype  of  a  Ttbipore  expanded ;  highly  aagnified ;  p.  631. 

13.  Astrma  mrtdU,  represented  as  aliTe  in  tile  sea;  some  ef  the  po- 

lypes are  expanded,  and  others  contracted;  p.  626. 

14.  TurbinoUa  rubra,  with  the  tentaenla  of  the  soophyte  expanded  i 

p.  623. 

15.  Fungia  aetini/ormii,  from  the  South  Pacific  Ocean,  aa  seen  aliye, 

and  the  polypes  in  activity ;  one-tenth  the  nfttural  sise ;  p.  625, 


INDEX. 


Abberley  HUIa,  819, 
895. 

Acephala,  212. 

AcrocttJia,     SUurian, 
826. 

Acrodns,  424. 

Acrognathus    boops, 
360,365. 

Acrosaurus  of  South 
Africa,  555. 

Actinia,  recent,  622. 

Actinocrinttea,  663. 

Actinocrinua,  824. 

Actinotdea,  602,  621. 

Action  of  thennal  wa- 
tera,  887. 

Adriatic,  bed  of  the, 
69. 

Aerolite  from  Nanje- 
noy,  49. 

AeroUtes,  49;  collec- 
tion of;  in  the  British 
Museum,  52;  origin 
of,  50. 

African  elephant,  143. 

AgasBiz,  Prof.  L.,  on 
Foiril  Fishes,  254, 
352,  482,  794;  on 
Glaciers,  72;  on  the 
Connecticut  foot- 
prints, 927. 

Age  of  Reptiles,  484, 
586,940. 

Aire  Valley,  nearLeeds, 
185. 

Aix  -  en  -  Provence, 


fresh-water  forma- 
tion of,  265;  ter- 
tiary fishes  of,  255, 
265;  tertiary  fossils 
of,  264. 

Aix-la-Chapelle,  re- 
mains of  land-plants 
in  Cretaceous  forma- 
tion at,  201,329. 

Alabaster,  543. 

Albertite,  718. 

Alcyonaria,  602. 

Alcyonarian  zoophytes, 
628. 

Alcyonium,  602. 

Alder,  Mr.  J.,  on  Zoo- 
phytes, 613. 

Alethopteris  elegans, 
407. 

Allan,  Mr.  R.,  on  the 
Geysers,  96. 

Alleghany  Mountains, 
323,  706,  821. 

Alligator  Hantonien- 
sis,  from  Hordwell, 
256. 

Allman,Prof.,  on  fresh- 
water Bryozoa,  603. 

AUnutt,  Miss  Jane, 
drawing  of  the  White 
Rock  at  Hastings  by, 
379. 

Alteration  of  rocks, 
914. 

AlluTial  deposits,  39, 
57. 


Alluvial  deposits  in  the 
Pampas,  165. 

Alum  Bay,  Isle  of 
Wight,  239 ;  marine 
Eocene  shells  at, 
247;  section  of,  242; 
seed-vessels,  ibc.,  in 
Eocene  strata  at, 
245 ;  sketch  of, 
239. 

Alumina,  subsulphate 
of,  240. 

Alveolites,  Carbonifer- 
ous, 762;  Silurian, 
824. 

Amber-pines,  forests 
of,  tertiary,  245. 

Amber,  tertiary,  245. 

Amblypterus  of  the 
Coal,  769. 

Amblyrhyncus,  956. 

America,  Carbonifer- 
ous rocks  of,  705; 
Cretaceous  strata  in, 
322 ;  Devonian  rocks 
of,  789 ;  Prof.  Silli- 
man  on  the  Geology 
of,  10;  Silurian  rocks 
of,  819. 

Amia  Lewe8iensis,358. 

Ammonite  or  Comu- 
ammonis,  344. 

Ammonites  Mantelli, 
340 ;  of  the-  Oolite, 
497 ;  Susseziensis, 
340;  varians,344. 
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AmpullarU  sigaretina, 
247. 

Analogy  not  Identity, 
610. 

Analysis  of  peat-coal, 
66. 

Analyses  of  coal,  720. 

Ananchytea    ovatos, 
338. 

Ancient  Brittsh  canoe 
in  silt  atNorth  Stoke, 
64. 

Ancient  world,  937. 

Ancilla    canaUfera, 
247. 

Ancyloceraa  Mathero- 
nianus,  D*Orb.,346. 

Andes,  altered  tertiary 
strata  of  the,  287 ; 
Mr.  Charles  Darwin 
on  the,  287. 

Annelide-marks,  806. 

Annelides,    Silurian, 
822. 

Animalcules  in  flint, 
309. 

Animalculites  or  Mi- 
croxoa  of  the  Chalk, 
331. 

Animal  forms,  diver- 
sity of,  599. 

Animal  nature  of  Zoo- 
phytes, 603. 

Ammal  remains,  rocks 
composed  of,  932. 

Animals,  extinction  of, 
123;  extirpated  by 
human  agency,  125. 

Animals  and  plants, 
geographical  distri- 
bution of,  33. 

Anoplotheria,  261, 262. 

Anoplotherium  com- 
mune, 259,  261 ; 
gracile,  259. 

Ansted,  Prof.,  on  the 
Coal-fields,  676 ;  on 
Mineral-veins,  907. 

Anthozoa,  or  corals, 
6C0. 

Anthracite,  721,  726 ; 


of    Pennsylyania, 

706,716. 
Anthracotherium,  262. 
Antibes,  osseous  brec- 
cia at,  188. 
Antiparos,  grotto  of,78. 
Antrim,  Ireland,  chalk 

at,  302;    igneous 

rocks  of,  895. 
Apiocrinus  Parkinson!, 

662. 
Appalachian  coal-field, 

706. 
Appearance  of  Uring 

corals,  634. 
Apteryx  of  New  Zea- 
land, 127. 
Aqueous  agency,  55; 

vapours,  849. 
Araucaria,  or  Norfolk 

Island  pine,328.392, 

548,  713;    excelsa, 

402. 
Archeocidaris,     Car- 
boniferous, 762. 
Archaeoniscus   of  the 

Purbeck,  418. 
Archegosaurus  of  the 

CoJ,  771. 
Archiac,  M.  le  Vicomte 

d',  referred  to,  301, 

306,  376.  788. 
Arsenic,  849,  907. 
Artesian  well  at  Gre- 

nelle,near  Paris,?^38. 
Artesian*  wells,    236; 

in  Russia,  322 ;  near 

London,  237. 
Articulated    structure 

of  rocks,  890. 
Artificial    solution   of 

silex,  99. 
Artificial     vegetable 

petrifactions,  729. 
Ascension,  fossil  turtles 

of  the  Isle  of,  89. 
Ashbumham    strata, 

380. 
Asiatic  elephant,  143. 
Asplenium     scolopen- 

drum,  547. 


Asteridia,  the  Rev.  W. 
Smithon,  311,  313. 

Astcroidea,  338,  462. 

Asterophyllite,  735. 

Asterophyllites,  738. 

Astreea,  625. 

Astneidse  of  the  Oolite. 
498. 

Astronomy,  connexion 
of  Geology  with,  40. 

Asturias,  coal  of  the, 
705. 

Atherfield  beds,  301. 

Atmospheric  condi- 
tions during  the  Car- 
boniferous period, 
756. 

Atolls,  640. 

Atrypa,  Silurian,  825. 

Augite,  849. 

Aulolepis  typus,  361. 

Auriferous     drifU, 
911. 

Austen,  Mr.  B.  God- 
win, a  bed  of  marine 
shells  at  Swanage 
discovered  by,  414 ; 
on  a  boulder  of  gra- 
nite in  theChalk,973; 
on  the  extent  of  the 
Wealden  deposits, 
388,  4S8;  on  the 
Farringdon  district, 
387;  on  the  Car- 
boniferous and  De- 
vonian rocks,  784, 
785. 

Austen,  Rev.  Mr., 
Guide  to  the  Geo- 
logy of  Purbeck  by, 
referred  to,  394. 

Austin,  Mr.,  on  Cri- 
noids,  658. 

Australia,  fauna  and 
flora  of,  511,  939; 
osseous  breccia  of, 
189. 

Auvergne,  extinct  vol- 
canos  of,  272,  479 ; 
fresh-water  strata  of, 
277 ;     geology    of. 
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272,279;  incrnating 
springs  at,  278 ;  la- 
custrine limestone  of, 
258  ;  palsontology 
of,  277. 
Ats,  Mastodon  ele- 
phantoides       from, 

leo. 

B. 

Babbage,  Mr.  C,  on 
marks  of  growth  in 
fossil  trees,  714 ;  on 
causes  of  changes  of 
level,  109;  on  the 
Temple  of  Serapis, 
106,  959. 

Baber's,Mr.,coUection, 
150. 

Bacon,  Lord,  quoted, 
28. 

BacuUtes,  346. 

Bagshot  sauds  and 
days,  234. 

Baiae,  Bay  of,  108,961. 

Bailey,  Prof.,on  Green- 
sand,  314 ;  on  fossil 
infusoria  in  tuff,  861 ; 
on  vegetable  struc- 
ture in  anthracite, 
716;  on  fossil  infu- 
soria at  Richmond  in 
Virginia,  286. 

Baird,  Dr.,  on  Esthe- 
ria,  420. 

Bake  well,  Mr.,  on  the 
surface  of  the  moon, 
462 ;  on  plutonic 
moTements,  921 ;  on 
salt,  543. 

Balcomby  Wealden 
strata  of,  374. 

Balfour,  Prof.,  referred 
to,  710. 

Ballard  Down  to  Durl- 
stone  Head,  section 
from,  393. 

Banwell  Cave,  in  the 
Mendip  Hills,  osse- 
ous contents  of^  182. 


Bardon  Hill,  syenite 
of,  902. 

Barnstaple  or  Pether- 
win  group,  785. 

Barrande,  M.  J.,  on  the 
Silurian  basin  of  Bo- 
hemia, 819 ;  on  Silu- 
rian fossils,  827. 

Barrier-reefs,  640. 

Barton  Cliff,  242;  ma- 
rine eocene  shells  at, 
247. 

Barytes,  908. 

Baryt-spar,  908. 

Basalt,  849,  880,  887. 

Batrachian     reptiles, 
552. 

Batrachians,  584. 

Bay  of  Baiae,  108. 

Bay  of  Naples,  111. 

Beach  conglomerate, 
82. 

Bean,  Mr.,  referred  to, 
501. 

Bears  of  the  cavems, 
fossU,  178. 

Beckles,Mr.S.H.,  dis- 
covery of  fossil  mam- 
mals at  Purbeck, 
394,  587 ;  discovery 
of  the  bones  of  the 
foot  of  an  Iguanodon 
in  the  Isle  of  Wight 
by,  384 ;  Macropoma 
obtained  from  the 
Purbeck  beds  by, 
359;  on  the  trifid 
foot-marks  in  the 
Wealden  beds,  384; 
on  the  Hastings  cliffs, 
378;  relics  of  Megalo- 
saurus  obtained  by, 
435. 

Becquerel,  M.,  on  arti- 
ficial crystals,  906; 
on  mineral  veins, 
909. 

Bed  of  the  Adriatic, 
69 ;    of  the  British 
Channel,  69 ;  of  the 
ocean,  69. 
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Beeding  Levels,  64. 

Beekites,  792. 

Beinert's,  Dr.,  coal- 
section  in  garden  at 
CharIottenbrunn,671 . 

Belcher,  Sir  E.,  refer- 
red to,  708. 

Belemnitella,  mucro- 
nata,  347 ;  quadraU, 
473. 

Belemnites,  described, 
347  ;  dUaUtus,  347 ; 
minimus,  340. 

Beiemnoteuthis  of  the 
OoUte,  500. 

Bellerophon,  carboni- 
ferous, 763 ;  Silu- 
rian, 826. 

Bell,  Dr.  T.,  referred 
to,  574 ;  on  Ambly- 
rhyncus,  957. 

Bengal  tiger,  skull  of, 
139. 

Ben  Nevis,  structure 
of,  923. 

Bensted,  Mr.  W.  H., 
discovery  of  remains 
of  an  Iguanodon  at 
Maidstone  by,  442 ; 
fossil  turtle  found 
by,  368. 

Bergeri  Dr.,  on  Antrim, 
895. 

Bergman,  M.,  on  the 
solubility  of  silex, 
731. 

Bermudas,    recent 
limestone  of  the,  83. 

Berry-boned  fish,  De- 
vonian, 796. 

Beryz  and  other  fishes 
of  the  Chalk,  359. 

Beryx    Lewesiensis, 
364;  radians,  363. 

Bejrrichia,    Silurian, 

Bignor  Park,  Sussex, 
fuooid  in  chalk- 
marl  from,  328. 

Big-bone-Lick  in  Ken- 
tucky,   remains    of 
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Mhfltodon  and  other 

gigantic  quadrupeds 

at,  157. 
Bigiiby,  Dr.,    on   the 

EfFatics    of    North 

America,  219. 
Binfield,  Messrs.,  dis- 

corery  of  Wealdett 

insecU  by,  523. 
Binney,  Mr.E.W.,  on 

Aerolites,    52 ;    on 

Permian    rodoi    of 

Scotland,  555;    on 

the  Permian  rocks; 

563. 
Binstead,    fresh-water 

tertiary    sheHs    at, 

249. 
Birds-eye      limestone 

of  America^  821. 
Birdi,  different  forms 

of  feet  of.  146. 
Birds,  fossU.  257,  452, 

520,584. 
Bischof,  Prof.,  on  the 

origin  of  rocks,  883. 
Bison  prlscus,  1^. 
Bitumen,  722,  723. 
Bitunienite,  718. 
Biainville,  M.,  on  Zoo- 
phytes, 603. 
Blankenbtlrg,     plants 

from  Chalk-strata  at, 

329 
Blende,  900.  908. 
Blomfield,  Dr.  Charles 

James,  quoted,  29. 
Blue-John  of  Derby- 
shire, 696. 
Boghead-coal,  718. 
Boguor,  marine  eocene 

shells  at,  247,  249. 
Bognor  rocks,  241. 
Bohemia,  plants  from 

Chalk-strata  of  329; 

Silurian    rocks    of, 

819. 
Boiling  springs,  97. 
Bolucy,     in     Sussex, 

oxide  of  iron  near, 

S3. 


Bolney  Qbarries,  382. 

Bonchurcli,  Isle  of 
Wight,  Clathraria 
from,  328. 

Bone-carems  in  Eng- 
land, 179. 

Bone-conglomerate, 
185. 

Bone-bed  of  tiie  Lias, 
523,  561. 

Bbnes,  microscopical 
examination  of,  453 ; 
diseased,  of  cami ve- 
ra, found  in  caverns, 
184. 

Bonn,  geology  of,  282. 

Bony-scale  fish,  De- 
vonian, 797. 

Boron,  849. 

Bos  longiftx>ns,  133, 
1-34';  primigeiiius; 
133. 

Bosquet,  M*.,  on  the 
Cretaceous  and  Ter- 
tiary Entomostraca, 
350;  on  the  Ento- 
liAostraca  of  Uie 
Weaiden,  418. 

Botanical  epochs,  776. 

Bottom-rocks,  823. 

Bou^,  M.,  on  the  salt- 
mines of  Galicia, 
289. 

Boughtibn  Maiherbe, 
near  Maidstone,  jaw 
and  bones  of  ahydna 
in  a  Assure  in  Kent- 
ish Rag  at,  182. 

Bbulder  near  Mount 
Sinai,  218. 

Boulder  of  granite  in 
the  Chalk,  973. 

Boulders,  erratic,  214. 

Bourgueticrinus  of 
the  Chalk,  663. 

Bouittemouth,  plant- 
remains  in  Eocene 
strata  at,  245. 

Bovey  Tracey  in  De- 
vonshire, tertiary 
brown-coal  at,  245. 


Bowerbank,  Mr.  J.  S., 
his  collection  of  foa- 
8ils,584;  on  the  origin 
of  flints,  307,  730  ; 
on  the  fossil  fruits 
of  the  London  Clay, 
233 ;  microscopical 
examination  of  bimes 
of  birds  and  reptiles 
by,  453 ;  on  sponges 
602. 

Brachiopoda,  601. 

Btacklesham  Bay  ,241 ; 
marine  eocene  shells 
at,  247 ;  mandibles 
of  Chinueroid  fish  at, 
255. 

Bradford  day,  503. 

Brain-coral,  626. 

Brandt,  M.,  on  Phyto- 
xoa,  600. 

Bray    Head,    Ireland, 

Breithaupt,  Prof.  A., 
on  the  paragenesis 
of  minerals,  909. 

Brickenden,  Capi.  L.. 
discovery  of  jaw  of 
Iguanodon  by,  410. 

Brighton  and  London 
Railway     section, 
373. 

Btii^ton  Cliffs,  113; 
coast,  mutations  of, 
460 ;  geological  phe- 
nomena between 
London  and,  372 ; 
raised  sea- beach  at, 
112. 

Bristowe,  Mr.,  on  the 
strata  at  Alum-Bay, 
239. 

British  Chanbbl,  bed  of 
die.  69. 

Brodie,  the  Rev.  P.  B., 
on  fossil  insects,  403; 
419,  422,  523,529; 
discovery  of  Bntomo- 
Stmca  near  Dinton, 
419;  Leptolepis  dis. 
covered  by,  424 ;  on 
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lUh-remaiiii}  in   tlie 
Keuper,    551  ;    on 
Purbeck    insects, 
387. 

Brodie,  Mr.  W.,  and 
Mr.  S.  Heckles,  dis- 
covery of  remains  of 
reptiles  and  mam- 
mals in  the  Purbeck 
beds,  by,  394. 

Bromley,  shell-conglo- 
merate at,  231. 

BromsgroTe,  Bunter- 
sandstone  of,  551. 

Brongniart,  Adolphe, 
on  the  plant-remains 
at  Hoer,  387;  on 
foesil  plants,  548, 
710,  737,  739,  743. 

Bronn's  Lethea  Geog- 
no;aica,  referred  to, 
256,  740. 

Brook  Pointffossil  trees 
of  the  Wealden  at, 
390. 

Brook  Point  to  Shal- 
comb  Do^  section 
from,  389. 

Brown-cokl,  at  Wool- 
wich in  Kent,  Corfe 
in  Dorset,  Bovey 
Tracey  in  Devon- 
shire, and  in  France, 
the  Netherlands, 
Germany,  Ac,  245; 
of  the  Rhine,  283. 

Brown,  Dr.  S.,  on  Si- 
lex,  727. 

Bnro2oa,600.601,611; 
in  chalk.  329.  331 ; 
Carboniferous,  762; 
Silurian,  824;  I'e- 
maxks  on  the  no- 
menclature of  the, 
600. 

Bryson,  Mr.,  on  dla- 
tomaces  in  slate- 
^ocks,  918,  953. 

Bttbatus      motohattts, 

lax 

Buckknd,   Rev.  Dr., 


on  Mammalian  re- 
mains, 136;  on  the 
Kii'kdde  Gate,  180; 
on  theMegalosaurus, 
435,506;onTriassic 
footprihls,  557;  on 
the  materials  of  the 
Wealden  beds,  487 ; 
on  the  molluskite  in 
Ammonites,  345 ;  on 
Artesian  wells,  236 ; 
on  crystals  of  linie, 
196. 

Bugula  flabellata,  618. 

Bulimus  conicus,  248. 

Bunsen,  Prof.,  on  the 
Geysers,  96. 

Bunter-sandstone,  551. 

Burdie-House    lime- 
stone, 709. 

Burmeister,  Prof.,  on 
thd  Labyrinthodonts, 
552. 

Busk,  Dr.,  on  Bryo- 
xoa,  600. 

Byron,  Lord,  quoted, 
121 

C. 

Gader  Idriff,  strata  of, 

818. 
Calamites,  549,  737. 
Calboume,  fresh-water 

tertiary    shells     at, 

249. 
6alciferous    sandstone 

of  America,  821. 
Calcott,  Lady,  on  the 

elevation  of  the  coast 

at  Valparaiso,  111. 
(Salcspar,     74,     195, 

908. 
Caledonian  Valley,  921 . 
C&lymene      Blumen- 

buchii,  830. 
Cambrian     formation, 

205,  804. 
Campanulariae.  621. 
Cancer    marcrochdlus 

from  Malta,  254. 
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Candia,  changes  of  le- 
vel in,  961. 

Canoe,  ancient  British, 
in  silt  at  North 
Stoke,  64. 

Canterbury  Cathedral, 
polished  columns  of 
Purbeck     marble, 
416. 

Carbonate  of  lime,  74, 
195,  908. 

Carbonic  acid  gas,  de- 
struction of  rocks 
by.  79;  in  Caves,  80. 

Carboniferous  forma- 
tion;  204. 

Carboniferous  or 
Mountain  Lime- 
stone, 693;  of  An- 
glesea,  904 ;  period, 
925 ;  rocks  of  De- 
vonshire, 696  ;  se- 
ries, 670,  672;  se- 
ries of  North  Ameri- 
ca, 705;  slate  of 
Ireland.  673;  trees 
and  plants,  752. 

Carburctted  hydrogen, 
722. 

Caiteharias  megalodon, 
225. 

Carcharodon,  teeth  of, 
in  Crag,  255. 

Camivora  (fossil)  in 
caverns,  175;  Osteo- 
logy of,  139. 

Carpolites       Mantelli, 
Brong.,    412; 
Smithise,  fromChalk 
in  Rent,  329. 

Carrara  marble,  895. 

Garved-scale  fish,  De- 
vonian, 797. 

CaryocYstites,  825. 

Caryophyliia,  623. 

Cashmere,  buried  tem- 
ple in,  961. 

Castle  Hill,  Newhaven, 
115.  238,  240. 

Catenipora.  Silurian, 
820,  824. 
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Catt,  Mr.  Henry,  re- 
ferred to,  487. 

Gautley,  Col.  Sir  Pro 
by  T.,  on  the  fossil 
Zoology  of  the  Se- 
walik  Hills,  in  the 
North  of  India,  163. 

Cave. of  Gaylenreuth, 
in  Germany,  176. 

CaTBm  of  BanwelL 
183. 

CaTems,  77 ;  fossil 
carnivora  in,  175; 
in  England,  466 ;  of 
the  Brazils,  179 ; 
ossiferous,  174. 

CaTes,  carbonic  acid 
gas  in,  80. 

Ceciliadn,  &53. 

Cells  and  cell-stmc- 
ture,606. 

Celsios  quoted,  116. 

Cellulosn,  609. 

Cephalopoda,  Carboni- 
ferous, 763;  Creta- 
ceous, 342;  Devo- 
nian, 792;  Jurassic, 
528;    SUurian,  826. 

Cephalaspis,  Devonian, 
794;  SUurian,  832. 

Ceratiocaiis,  Silurian, 
827. 

Cerithium  giganteum, 
249  ;  lamellosum, 
247 ;  of  the  OoUte, 
499. 

Cestracion,  or  Port 
Jackson  shark,  355. 

Cestracionts,  770. 

Cetaceans  in  Cretace- 
ous formation,  325. 

Cetiosauri  of  the  Oolite, 
497. 

Cetiosaurus   of    the 
Wealden,  427. 

Cette,  osseous  breccia 

at,  188. 
Chain-coral,  651,  820, 

824. 
Chalcedony,  886. 
Chaldni  on  aerolites,52. 


Chalk,  animalculites  of 
the,  321;  atBeacfay 
Head,  302;  boulder 
of  granite  in  the, 
973;  bryozoa  of, 
329 ;  cephalopoda  of^ 
342 ;  cbelonian  rep- 
tiles in,  367;  com- 
position of,  304 ; 
crinoidea  of,  336 ; 
crustaceans  of,  348 ; 
echinites  and  spines 
from,  338;  fishes  of, 
359 ;  foraminifera  of, 
305;  formation  of, 
300;  fossils  of,  310; 
fossil  sponges  in,329; 
in  Antrim,  Ireland, 
302,  894;  marine 
flora  of,  327 ;  meta- 
morphooed,  895;  nu- 
cleolites  from,  338 : 
of  Dover  Cliffs  and 
South  of  England, 
302 ;  reptiles  of  the, 
366;Ro6alinaeofthe, 
332;  shells  of  the, 
340;  star-fishes  of 
the,  337;  teeth  of 
sharks  in,  364 ;  with 
flints,  301;  Zoology 
of  the,  481;  zoo- 
phytes of,  320. 

Chalk-detritus,  at  Cha- 
ring, 335;  method 
of  procuring  and 
cleansing  the  fossils 
of  the,  336. 

Chalk-downs,  303. 

Chalk-dust,    highly 
magnified,  305. 

Chalk-formation,  201 ; 
at  Pondicheri^ 
(Southern  Indu}, 
302 ;  geographical 
extent  o^  302 ;  mid- 
dle and  lower  groups 
of,  314 ;  organic  re- 
mains of,  323 ;  sub- 
divisions of,  301. 

Chalk-marl,  301,  314; 


analysis  of,  by  Mr. 

Gladstone,  314. 
CSialk-strata,    vertical, 

at  Handfast  Point, 

395. 
Chalybeate  hill  atHove, 

241. 
Changes  of  level, causes 

0^109. 
Chara,  407 ;  seed-ves- 
sels   o^  from  Aiz, 

267. 
Characters  of  succes- 
sive   fossil     iauiue, 

928;      fossU  flone, 

ib. 
Charing,  chalk-detrttua 

at,  335. 
Charlesworth,  Mr.  E.y 

on  the  Leiodon,  309  ; 

on  the  Crag.  223. 
Chamwood    Forest, 

902. 
C3iazy    limestone     of 

America,  821. 
Cheese-wring  of  Com- 

waU,  901. 
Ch6iracanthu8,  797. 
Cheirolepis,  797. 
Cheirotherian  reptUes, 

771. 
Cheirothenum,  556. 
Chelone    Bellii,  427; 

Benstedi,from  chalk, 

368;   cosuta,  427; 

Mantelli,  427. 
Chelonian   foot-tracka 

in  the  Devonian,570, 

574,    797;    in    the 

millstone-grit,   693; 

in  the  Permian,  555, 

575. 
Chelonian  repti]es,573 ; 

in  chalk,  367;  in  the 

Wealden,  427. 
Cheltenham     waters, 

544. 
Chemical  agencies,  ef- 

fectsof,931;  changes^ 

877. 
Chichester    Cathedral, 
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polished  columns  of 
Piirbeck  marble, 
416. 

ChiJi,  eleTEtion  of  the 
coast  of,  111. 

Chilian  coast,  Mn.  So- 
menriUe  on  the  ele- 
vation of  the,  112. 

C!him«Ta,  355. 

CSiimaproid  fish,  from 
Bracklesham,  255; 
from  chalk,  356. 

Chimborazo,  height  of, 
35. 

COiimting  Castle,  near 
Seaford,  241. 

Chlorophane,  696. 

Choanites  Koenigi,  329; 
in  flints  in  Russia, 
322. 

Choeropotamus,  262. 

Choke-damp,  721. 

Chondrites  Bignorien- 
sis,  328. 

Chronological  arrange- 
ment of  the  strata, 
199. 

Chronology  of  moun- 
tain-chains,916.919. 

Cidarides,     Jurassic, 
550. 

Cidaris  from  the  Chalk, 
338 ;  of  the  OoUte, 
499. 

CUia,  605. 

CiIio-brachiata,or  Bry- 
ozoa,600. 

Cladyodon,  553. 

Clarke,  Rev.  W.  B., 
referred  to,  7U8. 

Classification  of  fishes, 
351,352;  of  forma- 
tions, 200 ;  of  plants, 
734 ;  of  strata,  37 ; 
of  the  Tertiary, 
210 ;  of  Carbonifer- 
ous rocks,  674;  of 
coal-plants,  735 ;  of 
Silurian  and  Cam- 
brian strata,  801; 
of    the    Cretaceous 


rocks,  301 ;  of  the 
Devonian  rocks,  783, 
785,  787 :  of  the 
Jurassic  rocks,  490; 
of  the  Pennian 
rocks,  536,  562;  of 
the  Tertiary  rocks, 
215;  of  the  Triassic 
rocks,  536. 

Clathraria,  a  petiole  of, 
411  ;  from  Bon- 
church,  328;  Lyellii, 
408—411. 

Claws  of  a  fossil  Her- 
mit-crab from  Maes- 
tricht,  350. 

Clay-beds  of  Kim- 
meridge,  497. 

Clay-slate,  897. 

Clent  Hills,  structure 
of  the,  811. 

Clermont,  view  of  the 
environs  of,  describ- 
ed, 274. 

Clifis,  of  St.  Calogero, 
845;  at  Straithaird, 
897. 

Climate  of  the  Palaeo- 
zoic ages,  772. 

Climate  and  seasons 
indicated  by  fossil 
wood,  713. 

Clinkstone,  888. 

Clinton  rocks,  821. 

Cliona,  Silurian,  823. 

Clymenien-Kalk,  785. 

Coal,  912;  in  peat- 
bogs, 66 ;  in  Tertiary, 
265 ;  in  Tertiary  of 
the  Rhine,  283;  of 
New  Zealand,  708; 
oftheWealden,405. 

Coal-bearing  Oolite  of 
Brora,  517  ;  of  the 
Oolite,  513. 

Coalbrook  Dale,  677. 

Coal-field  of  Derby- 
shire, 677. 

Coal-fields  of  Eastern 
Virginia,  518. 

Coal-measures,     675 ; 


originating  in  sub- 
merged lands,  759; 
upright  trees  in  the, 
686. 

Coal-plants,  733. 

Coal-seams,  thick,  683. 

Coal-shale,  676. 

Coal-shales  and  veset- 
able  remains,  691. 

Coals,  of  Secondary 
age,  672. 

Coccosteus  decipiens, 
796. 

Coffee-plant  of  Ber- 
muda, 84. 

Coins  in  conglomerate, 
81.  82. 

Cole,  Mr.,  on  the  skin 
of  Ichthyosaur,  579. 

Colima,871. 

Collyweston  tilestones, 
516. 

Colossochelys,  bones  of 
the,  164. 

Columbia  River,  sub- 
merged forest  in,404. 

Columnar  structure, 
889. 

Comatuls,  or  feather- 
surs,  655. 

Combe-rock  of  Brigh- 
ton, 79,  113. 

Comparative  anatomy, 
137. 

Comparison     of    the 
Stonesfleld     and 
Wealden  fossils,510. 

Conchifera,  212. 

Cone,  from  Kent,  412. 
from  Pippingford, 
Sussex,  412;  from 
the  Isle  of  Purbeck, 
412. 

Cones  of  Zamiostrobus 
from  Sandown  Bay, 
412. 

Conferva,  609. 

Conglomerate,  or  pud- 
ding-stone, 214. 

Conglomerates  of  the 
Trias,  546. 
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Conifere,  547,  735  ; 
fossil  fruits  of,  412. 

Conservative  effects  of 
laya-currents,  859. 

CoDsoUdation  of  loose 
sand,  79,  101;  by 
iron,  81. 

.Contortions  of  crys- 
talline rocks,  885. 

Conybeare.  Rer.  W., 
on  Plesiosaur,  577 ; 
on  the  magnesian 
conglomerate,  564. 

Conybeare,  Rev.  W., 
and  W.  Phillips's 
Geology  of  England 
and  Wales,  referred 
to,  230,  494. 

Copper,  849,  907,  908, 
910.     . 

Copper-bearing  shale, 
913. 

Copper-ores,  904,  912. 

Copper-pyrites,  900. 

CoproUtes,  359 ;  of 
Macropoma,  358. 

Coral-islands,  638;  for- 
mation of,  639. 

Corallaria,  621. 

Coraliina  officinalis, 
601. 

Coralline  limestone, 
652,  821,  905. 

Coralline  marbles,  652. 

Corallium  rabnun,630. 

Coral-rag,  497. 

Coral-reeis,  636;  of 
Loo  Cboo,  637. 

Coral-sand  ofBahamas, 
85. 

Corals,  618;  appear- 
ance of  living,  634 ; 
carboniferous,  762; 
geographical  distri- 
bution of,  632;  in 
Chalk,  330;  in  the 
Maestricht  beds,330; 
Jurassic,  649;  Pa- 
leozoic, 649 ;  Upper 
Silurian,  820 ;  Siiu* 
rian,  823 


.Corda,  M.,  referred  to, 
710. 

Corfe  in  Dorset,  brown- 
coal  at,  245. 

Combrash,  501. 

Comu-ammonis,  344. 

Comulites,  825. 

Cornwall,  formation  of 
recent  sandstone  in, 
91;  palcoxoic  rocks 
of,  804 ;  logan- 
stones  of,  95. 

Corsican  granite,  901. 

Corundum,  905. 

Cotopazi,  872. 

Cotteswold  Hills,  504. 

Country  of  the  Iguano- 
don,  453,  486. 

Coves  in  the  south-west 
of  the  Isle  of  Pur- 
beck,  395. 

Crab,  fos8il,from  Malta. 
254. 

Crag,  deposito  of,  223 ; 
fluvio-marine,  224 : 
lacustrine  beds  o^ 
224 ;  mammalifer- 
ous,  224;  Mr. 
Chailesworth  on  the, 
223;  Norwich,  224; 
shells  of,  224;  sub- 
divisions of,  224 ; 
Suffolk  or  lower- 
moet,  224 ;  upper  or 
Red,  224;  Mastodon 
of  the.  965;  Mr.  S. 
Y.  Wood,  on  the 
fossils  of  the,  224. 

Crater  of  Puy  de  Come, 
273 ;  Puy  de  Dome, 
273. 

Craters,  of  Auverme, 
852;  of  elevaUon^ 
847 ;  of  eruption, 
846. 

Craufurd,  Mr.,  collec- 
tion of  teeth  an4 
bones,  161. 

Cny-ash,  349. 

Credner's,  Uerr,  col- 
lection of  rocks,  903^ 


Cretaceous  (or  CSialk) 
formation,  201 ;  of 
England,  300;  or- 
gaqic  remains,  201 ; 
period,  924;  strata, 
geographical  distri- 
bution of,  322 ;  strau 
near  Maestricht  de- 
scribed, 318. 

Cretaceous  period,  324. 

Crinoidea,  654 ;  in 
Chalk.  336;  of  the 
Oolite,528;  structure 
ofthe,  655;  Silurian, 
823 ;  Carboniferous, 
762* ;  Devonian. 
792*;  Triassic,  549. 

Crocodiles,  575;  re- 
mains of,  in  clay 
near  Lymington. 
257;  teeth  of,  from 
the  Chalk  at  Meu- 
doo.  366. 

Crocodilian   reptile 
from  Tilgate  Forest, 
429. 

Crocodilian  reptilea, 
fossil  teeth  of;  429 ; 
oftheWealden,428. 

Cross,  Mr.  Andrew,  on 
the  formation  of 
crystals  by  galvan- 
ism, 906. 

Crustacea,  MoUusca, 
and  Crinoidea  of  thie 
Trias,  549. 

Crustaceans  and  fishes 
of  the  London  Clay^ 
253;  and  insects  (^ 
the  Oolite,  529; 
Carboniferous,  766; 
fosaiL  417;  of  the 
Chalk.  348;  ofthe 
Devonian  series, 
792;oftheWealden, 
418;  Silurian.  827. 

Crystallization  defined, 
195. 

Crystal  Palace  Gar- 
dens, models  of  ex- 
tinct mammals  and 
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reptiles  in,  260,435, 
448,  451,  532,  553, 

vOO* 

ctenoid  fishes,  352. 

Cuckfield  Quarries, 
381,  382. 

Culm-rocks,  784. 

Culver  Cliff  (Isle  of 
Wight),  Chalk  strata 
nearly  vertical  at, 
303. 

Cumberland,  palaeozoic 
rocks  of,  805. 

Cumbrian  rocks,  805. 

Cup-like  encrinite,666. 

Cupreous  deposits,9 12. 

Cupriferous  grits,  912. 

Currents,  ^ects  of, 
70. 

Curvatures  in  quartz- 
rock,  886. 

Cuvier,  Baron,  on  fos- 
sils, 135;  principles 
of  Paleontology, 
138  ;  discovery  of 
ibssil  birds,  257 ;  on 
a    Wealden    turtle, 

Cnvierian  pachyderms, 

fossil,  25a 
Cyathocrinus,  824. 
Cyathophyllum,  824. 
Cycade«,  400.547, 735. 
Cycadeoidea    megalo- 

phylla  (Dr.   Buck- 
land),  401. 
Cycadeous  plants,  407. 
Cyclas  of  the  Wealden, 

417. 
Cyck>id  fishes,  352. 
C^rdoetoma    mumia, 

248. 
Cydura  carinata,  450. 
Cyprea  inflata,  247. 
Cyprides,  419 ;   fossil, 

from  Aix,  267. 
Cypridtnen-Schiefer, 

785.  794, 
Cypris,  418 ;  granulosa, 

419;  spinigera,  419 ; 

Valdensis,  419. 


pyrena    media,    417 ; 
;nembranacea,  417. 
Cystidea,  666, 820. 

D. 

Dallaway*s  and  Hors- 
field's  History  of 
Sussex,  referred  to, 
386. 

Dalmatia,088eous  brec- 
cia in,  188. 

Damarites    Fittoni, 
Unger.,  412. 

Dana,  Mr.  J.  D.,  in- 
ferred to,  29;  on 
Zoophytes,  602;  on 
the  limits  of  coral- 
growth,  633 ;  on  si- 
licification,  731. 

D*Archiac,  M.,  refer- 
red to,  301,  306, 376, 
788. 

Darmstadt,  miocene 
strata  of,  262. 

Darwin,  Mr.  C,  on 
glaciers,  71 ;  on  the 
alluvial  deposits  in 
the  Pampas,  165; 
on  the  Andes,  287  ; 
referred  to,  708 ;  on 
thePalklond  Islands, 
887;  on  the  Galapa- 
gos Islands,  939. 

Daubeny,«Dr.  C,  on 
the  Cheltenham  wa- 
ters, 545;  on  vol- 
canos,  81,862. 

Davidson,  Mr.  T.,  on 
recent  and  fossil  Bra- 
chiopoda,  825. 

Davy,  Sir  H.,  on  the 
Solfaura,  76,  463. 

Dawson,  Prof.,  on  the 
Carboniferous  rocks 
of  Nova  Scotia,  708. 

Dawson's  patent  fuel, 
102. 

Deane,  Dr.,  on  the 
Connecticut  foot- 
prints, 559. 


Deane,  Mr.  H.,  on 
spiniferitea  in  chalk, 
311,  312. 

De  Beaumont,  M.  Elie, 
on  metalliferous  gra- 
nite, 900;  referred 
to.  950. 

Decomposition      of 
rocks,  885. 

Deer,  Irish  gigantic, 
131. 

De  la  Beche,  Sir*  H., 
on  aerolites,  49 ;  his 
Researches  in  Theo- 
retical Geology  refer- 
red to,  32;  on  the  Ge- 
ology of  Uie  environs 
ofNice,  188;  on  De- 
vonian rocks,  785; 
on  mineral  veins, 
907  J  on  granite- 
veins,  898;  on  the 
Exeter  trap-rocks, 
564 ;  on  the  concur- 
rence of  fossil  insects 
and  pterodactyles, 
513. 

Delta,  of  the  Ganges* 
57  ;  of  the  Missis- 
sippi, 57  ;  of  the 
Nile,  59,60;  of  the 
Wealden,  202,  380. 

Delthyris  shaly  lime- 
stone, 821. 

De  Luc,  on  peat-bogs, 
65. 

Dendrodus,  797. 

Denny,  Mr.  H.,  on  the 
gigantic  Irish  deer, 

Dennis,  Rev.  J.,  on 
fossil  bird  -  bones, 
534 ;  on  mammalian 
bones  in  the  Lias, 
534. 

Denon,  M.,  on  the 
sands  of  Egypt,  90. 

Depth  of  the  ocean,  69. 

Derbyshire,  coal-field 
of,  677;  encrinital 
marble     of,      660 ; 
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leftd-mines  of^  695; 
-«par,  696 ;  trap- 
rockfl  of,  699. 
Dercetifl  elongatu8,362. 
Dermal  b<me8  and 
spines  of  Hylaeosau- 
rus,  451 ;  of  Gonio- 
pholis  crassideiis, 
430. 

Desmidiacee,  311. 

Destruction  of  rocks 
by  carbonic  acid  gas, 
79. 

Detritus,  chalk,  at 
Charing,  335. 

DeTa-dhunga,  Hima- 
layas, height  of,  35. 

Devonian  formation, 
204;  period,  926; 
rocks  of  the  Conti- 
nent and  America, 
788;  series,  781, 
926;  of  Scotland, 
786;  of  Devonshire 
and  Cornwall,  784. 

Dew,  Mr..  554. 

Diamond,  724. 

Diatomaceae  in  roeta- 
morphic  rocks,  918. 

Dichobune,  262. 

Dickinson,  Capt  T.,  on 
the  Wreck  of  the 
Thetis,  70. 

Dictyophyllum  crassi- 
nermm,  549. 

Dicynodon  of  South 
Africa,  554. 

Didus  ineptus,  129.    * 

Dieffenbach,Dr.,on  the 
thermal  springs  of 
New  Zealand,  98; 
lignites  of  New  Zea- 
land, 708. 

Diluvial,  39. 

Dinomis  of  New  Zea- 
land, 128. 

Dinosaurians,  433. 

Dinotherium,  175,262; 
proboffcidean  cha- 
racter of  the,  963. 

Dinton,    entomostraca 


discovered  near,419. 

Diplopterus  of  the  Old 
Red,  797. 

Dipteronotus  c]rphus 
of  the  Bunter,  551. 

Dipterus  of  the  Old 
Red,  797. 

Dirt-bed  at  Portland, 
402;  in  Isle  of  Pur- 
beck,  404;  at  Swin- 
don, 4a3. 

Discina,  Silurian,  825. 

Discours  sur  les  Revo- 
lutions, 263. 

Diseased  bones  ofcar- 
nivora  found  in  ca- 
verns, 184. 

Displaced  strata,  197. 

Distinction  between 
animals  and  veget- 
ables, 596. 

Diversity  of  animal 
forms,  599. 

Dixon,  Mr.  P.,  fossils 
of  Sussex,  241,  256. 

Dodo  ofMauritiuS|129. 

Dolerite,  849. 

Dolomieu,  M.,  on  pu- 
mice, 850. 

Dolomite,  562,  565. 

Dolichosaurus  longi- 
coUis,  367. 

D'Orbigny,  M.  Alcide, 
Jurassic  fossils  de- 
scribed by,  526 ;  re- 
ferred to,  708. 

Dore,  Mont,  extinct 
volcanos  at,  275. 

Do  wnshire,  Marquis  of, 
salt-works  at  C^ar- 
rickfergus,  540. 

Drachenfels,  extinct 
volcanos  at,  281. 

Draco  volans,  583. 

Drift,  39,  200,  216; 
atMuswell  Hill,221; 
and  alluvial  debris, 
208. 

Drifted  sand,  90. 

Driopithecus  Fontani, 
263. 


Droitwich,      brine- 
springs  ot,  540. 

Druid-sandstone,  231. 

Dudley.  SUurian  strata 
of,  810. 

Dufr6noy,  M.,  on  gra- 
nite-veins, 900. 

Duncan,  Rev.  H.,  on 
fossil  foot  -  tracks, 
555. 

Dunker.  Dr.  W.,  on 
the  Wealden  of  Ger- 
many, 377,  389, 442. 

Duration  of  geological 
epochs,  30. 

Durlstone  Head,  sec- 
tion of,  in  Swanage 
Bay,  393. 

Dykes,  850,  851,  898. 

Dynamical  agencies, 
effects  of,  931. 


E. 

Earth,  crust  of,  31,  34 
structure  of,  31 
temperature  of,  34 
gaseous  state  of,  48 
internal  heat  of,  34. 

Earthquake  of  Lisbon, 
842. 

Earthquakes,  841  ;  ef- 
fects of,  842. 

Eastware  Bay,  near 
Folkstone,  317. 

Ebelmen,  M.,  on  arti- 
ficial crystals,  906. 

Echinites  and  spines 
from  the  Chalk,  338. 

Echinoidea  of  the  Oo- 
lite, 528. 

Echinoderms,  Silurian, 
822. 

Echinosphaerites,  825. 

Edaphodon  leptogna 
thus,  255;  Mantelll 
356. 

Edwards,  Mr.  P.,  bis 
collection  of  High- 
gate  fo88ils,232;  mo- 
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nograph  of  the  Eo- 
cene moUusca  of 
England  referred  to, 
242, 249,  2dO. 

Edwards,  M.  Milne, 
and  M.  J.  Haime, 
on  British  fossil  co- 
rals, 246,  621. 

Effecto  of  currents,  70 ; 
of  dynamical  and 
chemical  action,931 ; 
of  high  temperature, 
102. 

Egerton,  Sir  P.,  classi- 
fication of  fishes  by, 
referred  to,  352 ;  on 
chimeroid  fishes, 
355;  referred  to,519. 

Ehrenberg,  Prof.,  on 
the  origin  of  flints, 
307 ;  on  corals  and 
bryozoa,  600 ;  on 
greensand,  823;  on 
infusoria,  in  Tolca- 
nic  ashes,  860 ;  on 
infusoria  in  Tolcanic 
tufis,  ftc,  918 ;  re- 
ferred to,  953. 

Eifel-rocks,  DeTonian, 
786. 

Elementary    organic 
structure,  608. 

ElephanU,  fossil,  147 ; 
grinding  surface  of 
teeth  of;  143 ;  teeth, 
142. 

Elephas  primigenius, 
967  ;  tooth  of,  161. 

Eleration,  of  Italy, 
959;  of  mountains, 
919;  of  Newfound- 
land, 958;  of  New 
Zealand,  961;  of 
ScandinaTia,  1 15 ; 
of  the  coast  of  Chili, 
HI. 

Ellis,  Mr.  on  corals, 
603. 

Elvans  of  Cornwall, 
786,  899. 

Emerald,  905. 


Emergence  of  sub- 
marine Tolcanos, 
874. 

Emmons,  Dr.,  on  fossil 
mammals  in  Caro- 
lina, 520. 

Emydes,  574. 

Enaliosaurians,  576. 

Encke's  Comet,  44, 45. 

Encrinital  marble,  660. 

Encrinites,  550,  658. 

Endogenitea  erosa,407. 

Entomostraca  of  the 
Chalk,  254,350;  of 
the  Wealden,  418; 
Tertiary,  254. 

Entrochites,  658. 

Eocene,  or  Lower  Ter- 
tUry,21l,216,  226; 
sheila  of  the  Paris 
Teitiaries,  247  ; 
strata,  organic  re- 
mains of  the,  243. 

Epoch  of  terrestrial 
mammalia,  135. 

Equisetaceie,  735. 

Equisetites,  549. 

Equisetum,  407. 

Eremacausis,  721. 

Erith,  thickness  of  an 
ancient  alluyial  silt 
at,  149. 

Emouf,  Gen.,  on  the 
Guadaloupe  sand- 
stone, 87. 

Erratic  boulders,  217. 

Eruptions  of  VesuTtns, 
848,852. 

Essex,  teeth  of  Mosa- 
saurus  in  Chalk  of, 
321 

Estheria,  418.  420. 

Europe,  Tertiary  strata 
of,  283. 

ETaporation,  amount 
of,  56. 

Eyidence,  historical, 
106. 

Ezcayation  of  Talleys 
by  streams  and 
rivers,  280. 


Existing  geological 
agents,  53;  vegeta- 
bles classified,  731. 

Extinct  elephant,  or 
Mammoth,  in  ice, 
151. 

Extinct  volcanos  of 
Auveigne,  272;  of 
the  Rhine,  281.  293. 

Extinction  of  animals, 
123;  the  law  of,  124. 


Fairholme,  Mr.,  on  the 
earth's  surface,  36. 

Falconer,  Dr.  Hugh, 
and  Sir  P.  Cautiey 
on  the  fossil  zoology 
of  the  Sewalik  Hills, 
163, 257, 575;  fossils 
collected  by,  242. 

Falconer,  Dr.,  on  Ele- 
phant, 963,  967 ;  on 
Mastodon  and  Ele- 
phant, 963. 
ailow-deer  from  Sca- 
nia, 173. 

Farre,  Dr.  A.,  on  bry- 
ozoa, 600. 

Farringdon,  zoophytes 
from,  644. 

Faults  in  the  coal-mea- 
sures, 700. 

Fauna  of  New  Zea- 
land, 9.38. 

Faunie,  successive  fos- 
sil, 928. 

Favosites.  824 ;  Upper 
Silurian,  820. 

Faxoe-chalk,  645. 

Feather-stars,  655. 

Fellows,  Sir  C. ,  referred 
to,  961. 

Felspar.  849,  883. 

Femur  of  Iguanodon, 
447. 

Ferns,  547;  of  the 
Wealden,  405. 

Ferrante  imperato,603 
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Femiginoos  conglo- 
merate,  composed  of 
beadu  and  knife- 
blades,  82. 

Ferrybridge,     fossil 
wood  at,  728. 

Fibrous  gypsum,  543. 

Fibres,  735. 

Fingal*s  Care,  891. 

Fire-damp,  721. 

Fischer  de  Waldheim, 
M.,  on  the  Rhopha- 
lodon,  571. 

Fisher,  Rbt.  O.,  on  the 
Wealden  beds,  486; 
on  the  Purbeck  stra- 
ta, 381,  38*2,  394, 
396. 

Fishes,  classified,  351, 
352 ;  fossil,  from 
Aix,  265;  Prof. 
Silliman  on  fossil, 
18;  of  Monte  Bol- 
ca,  269 ;  of  the  Car- 
boniferous  system, 
769;  of  the  Chalk, 
351;  of  the  Devonian, 
820 ;  of  the  London 
Clay,  253;  of  the 
Oolite,  530;  of  the 
Permian  series,  568 ; 
of  the  Silurian  bed% 
832;  of  the  Tertiary 
deposits,  254 ;  of  the 
Trias,  551 ;  of  the 
Wealden,  422. 

Fish-teetii,  551. 

Fissures,  898. 

Fitton,  Dr.  W.  H.,  on 
the  beds  below  the 
Chalk,  387,  399; 
Guide  to  the  Ge- 
ology   of    Hastings 

*  by,  referred  to,  375, 
378;  on  extraneous 
fossils  in  the  Weald- 
en, 487;  on  the 
strata  below  the 
Chalk,  quoted,  38». 

Flag-stones  of  Mag- 
desprung,  822. 


Fleming,  Dr.  A.,  on  the 
Salt-range  of  the 
Punjaub,  541,  706. 

Fleming'8,Dr  J.,«*  Phi- 
losophy of  Zoology," 
quoted,  595. 

Flexures  in  quartx- 
rocks,886. 

Flint,  animalcules  in, 
309 ;  polype  ?  in, 
31 1 ;  nodules  and 
▼eins,  306;  ocganic 
remains  in,308 ;  ori- 
gin of,  306,  307, 
309 ;  petrifaction  by, 
102;  Prof.  Ehcen- 
berg  on,  307 ;  scales 
of  fishes  in,  353. 

FlcBtz  or  Secondary 
rocks,  38. 

Flora  of  the  Coal,  732. 
754;  of  the  Wealden, 
483;  of  New  Zea- 
land, 938. 

Flone,  successive  fos- 
sil, 928. 

Fluid-cavities  in  crys- 
Uls,  883. 

Fluor-spar,  696,  908. 

Flustra,     611,    612; 
avicularis,  618;  fo- 
liacea,  616. 

Flustroid  Bryozoa, 
612. 

Fluviatile  strata,  form- 
ation of,  59. 

FluTio-marine  deposits 
in  the  Valley  of  the 
Ottse,  61;  Upper 
Eocene  deposits  of 
the  Isle  of  Wight, 
243. 

Flying  reptUes,  581. 

Focus  of  volcanic  ac- 
tion, 842. 

Foliation  of  the  Gneis- 
sic  rocks,  836. 

Folkstone  Clifis,  316. 

Food  of  zoophytes, 
614. 

Foot-tracks,  fossi],555. 


Fonminifera,  critical 
examination  of,  by 
Messrs.  Parker  and 
Jones,  334;  from 
Bolton,  334;  from 
Charing,  334;  from 
the  Levant,  3S4 ;  in 
flint  (sections  of), 
335  ;  of  the  Chalk, 
305,  331;  of  the 
Tertiaries,  250;  re- 
cent, 333 ;  soft  parts 
of,  310. 

Forbes,  Dr.  C,  on  lig- 
nites of  New  Zea- 
land, 708. 

Forbes,  Dr.  J.,  on 
glaciers,  72 ;  on  the 
Temple  of  Serapia, 
109,  959. 

Forbes,  Proit  E.,  on 
Alum  Bay,  239 ;  on 
the  fluvio  -  marine 
Upper  Eocene  de- 
posits of  the  Isle  of 
Wight,  243;  on  the 
Glacial  epoch,  221 ; 
on  the  Purbeck 
beds,  394;  on  Ter- 
tiary echinoderms, 
225. 

Forest,  fossil,  in  coal- 
measures,  688 ; 
marble,503;  modem, 
submerged,  403 ; 
ridge  of  the  Weal- 
den, 372. 

Forests,  subterranean, 
67. 

Forfarshire,  lacustrine 
deposito  of,  85 ;  sec- 
tion in,  787;  shales, 
833. 

Formation  of  agates, 
886;  of  coral-is- 
lands,  639 ;  of  new 
rocks,  877;  of  re- 
cent sandstone  in 
Cornwall,  91. 

Formations,  classifica- 
tion of,  200;  Lower 
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Secondary,  488;  of 
the  Secondary  epoch, 

Forsterhole  in  Ger- 
many, osseous  con- 
tentoof,  178. 

Fossil  aerolites,  52 ; 
birds,  257,  452. 
520,  534;  bones  and 
teeth  of  elephants 
of  Tarions  parts  of 
England,  150;  co- 
rals, 650 ;  camiTora 
in  caTems,  175; 
fanna,  928;  ferns, 
738;  fishes,  832; 
from  Aix,  265;  of 
Monte  Bolca,  269; 
of  the  Chalk,  365 ; 
flora,  928 ;  foot- 
steps, 555;  fox  of 
CEningen,  268;  fruits 
from  the  Wealden, 
412;  human  skele- 
tons,85 ;  insects  from 
Aiz,265;  ivory,  138; 
mammalia  of  Au- 
Tergne,278 ;  of  Paris, 
258;  of  Stonesfield, 
508;  of  the  Sub-Hi- 
malayas, 162 ;  of  the 
Talley  of  the  Thames, 
149 ;  mammalian  re- 
mains, 136, 258, 261, 
268,  278,  304,  508, 
562,  %3;  in  Kent, 
at  Heme  Bay,  at 
Harwich,  in  Nor- 
folk, in  Suffolk,  and 
in  Sussex,  136;  in 
the  Sub-Appennine 
formations,  135 ; 
monkeys,  262;  nau- 
tilus, 249 ;  planU  in 
Eocene  strata.  243 ; 
of  the  Coal,  732  ;  of 
the  Wealden,  405; 
scorpion,768 ;  shells, 
211;  from  London 
Clay  at  Primrose 
Hill,  253;   teeth  of 


CrocodiUan  reptiles, 
429;  tortoises  and 
turtles,  574:  trees 
of  the  Wealden  at 
Brook  Point,  390; 
turtles  in  chalk,  367; 
regetables,  404,912; 
wood  of  Egypt,  886; 
zoophytes,  642. 

Fossiliferons  rocks, 
897 ;  strata,  200. 

Fossiltf,  .Cambro-Silu- 
rian,  821 ;  creta- 
ceous, 323 ;  De- 
vonian, 790 ;  in 
metamorphic  rocks, 
916  ;  of  the  coal- 
series,  732;  of  the 
Isle  of  Sheppey, 
233;  of  the  Lower 
Tertiary  straU  o£ 
the  Hampshire  ba- 
sin, 240;  of  the 
Oolite  and  Lias,  507, 
526 ;  of  the  Permian 
system,  567 ;  of  the 
Trias,  547 ;  of  the 
Wealden,  400 ;  up- 
per Tertiary,  131. 

Foumet,  M.,  on  mi- 
neral-Tcins,  908 ;  on 
bypof^ne  rocks,  915. 

Fox,  Mr.  R.  W.,  on 
mineral  veins,  909. 

Fox  of  (Eningen,  fos- 
sil, 268. 

Fraas,  M.,  on  Jurasne 
rocks,  512. 

France,    Cretaceous 
strata  in,  322;  Si- 
luriau  rocks  of,  819 ; 
Tertiary  volcanos  of, 
270. 

Fresh-water  strata  o£ 
Auvergne,  277 ;  po- 
Ivpe.  606 ;  shells  of 
the  Paris  Tertiaries, 
248;Wealden-shells, 
413,  417. 

Fringing-reefs,  640. 

Frog-tribe,  564. 


Fruits  of  conifene,  412; 
in  the  Isle  of  Shep- 
pey, 244. 

Fuci.  699,  822. 

Fucoid  in  chalk-marl, 
fiignor,  328. 

Fucoidal  marks,  808 ; 
plants,  547. 

Fucoides  Harlani,  822. 

Fumarole,873. 

Fungi,  735. 

Fungia,  626 ;  in  lime- 
stone from  Maes- 
tricbt,  330. 

Fusus  contrarius,  224 ; 
unipUcatus,  247. 


G. 

Galecynus  (Eningen- 
sis,268. 

Galena,  900,  910. 

Galena  pristodontus, 
354. 

Galicia,  salt-mines  of, 
289;  teeth  of  Mosa- 
aaurus  at,  321. 

Ganges,delta  of  the,  57. 

Gangue,  908. 

Ganoid  fishes,  352. 

Garnet,  906. 

Gameta  in    altered 
rocks,  904. 

Gas,  839. 

Gaseous  state  of  the 
earth,  probable  ori- 
ginal, 48. 

Gasteropoda,  Carboni- 
ferous, 763. 

Gastomii  Parisiensis, 
258. 

Gaudin,  M.,  on  ficti- 
tious rubies,  905. 

Gault,  301,  315;  fos- 
sils of  the,  at  Folk- 
stone,  326. 

Gavials,  429. 

Gaylenreuth,  bones  in 
the  Cave  of,  137. 177. 

Geinitx,  Prof.  H.  B., 
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ontlwGoAlandCoil- 
planu,  672,  733. 

Goienl  inferences  re- 
garding geology, 
936 

General  Tiew  of  the 
Oolite  and  Lias,  or 
the  Jurassic  forma- 
tion, 4B9. 

Geographical  distribn- 
tion  of  animals  and 
plants,  33;  of  corals, 
632;  of  the  coal- 
measures,  702 ;  of 
the  Oolite,  493;  of 
the  Trias  and  Per- 
mian, 537. 

Geological  effects,  of 
dynamical  and  che- 
mical action,  930; 
of  the  ocean,  67. 

Geological  epochs, 
200 ;  duration  of, 
30;  changes,  888; 
map  of  England, 
description  of,  207, 
474;  mutations,  39 ; 
phenomena  be- 
tween London  and 
Brixton,  372;  sec- 
tion explained,  62. 

Geology  and  revela- 
tion, harmony  be- 
tween, 27 ;  eluci- 
dated by  astronomy, 
49;  in  relation  to 
astronomy,  40;  na- 
ture of,  26;  of  Cen- 
tral France,  293 ;  of 
England,  207;  of  the 
Isle  of  Wight,  242 ; 
of  the  South-east  of 
England,  238,  370. 

German  divisions  of 
the  Jurassic  period, 
488. 

Germany,  Cretaceous 
strata  in,  322;  Weal- 
den  of,  387. 

Geysers  of  Iceland,  93. 

GibraItar,o8seous  brec- 


cia in  the  rock  of, 
137, 186;  stalagmite 
of,  79 ;  the  Rock  of, 
187. 

Giles,  Mr.,  referred  to, 
785. 

Glacial  epoch,  221. 

Glaciers  and  icebergs, 
71. 

Gladstone,  Mr.,  analy- 
sis of  chalk-marl  by, 
314. 

Glarus  slate,  age  of  the, 
916. 

Glyptodon  from  South 
America  described, 
171. 

Glyptolepis,  797. 

Gneiss,  206,  880,  881, 
884. 

Goeppert,  Prof.,  on 
the  flora  of  the 
Tertiary,  246 ;  refer- 
red to,  710 ;  experi- 
ments on  the  fossili- 
zation  of  plants,  728; 
on  stigmaria,  744. 

Gold,  907.  910. 

Goldfuss,  Prof.,  on  pte- 
rodactyles,  583. 

Gold-veins,  910. 

Goniatites,  Silurian, 
827;  Carboniferous, 
763. 

Goniopholis  crassidens, 
430. 

Gorgonia,  628. 

Gorgonids,  619. 

Gosau  beds  (Eastern 
Alps),  301. 

Gosse,  Mr.,referred  to, 
605,738. 

Gothland,  Isle  of,  820. 

Gradual  rise  of  Scandi- 
navia, 841. 

Granite,  882,  880, 898; 
of  Cornwall  and  De- 
vonshire, 902 ;  veins, 
898,  900. 

Granite,  boulder  of,  in 
the  Chalk,  973. 


Granitic'  eruptions, 
900;  rocks, 206. 

Grant,  Prof.,  on  cilia, 
606 ;  referred  to, 
600 ;  on  quadra- 
mana  or  monkeys, 
263. 

Graptolites,614,824. 

Grauwacke,  799. 

Grays  in  Essex,  fossil 
mammalia  at,  149. 

Great  Dismal  Swamp 
of  Virginia,  684. 

Great  Oolite,  506 
670. 

Green  Mountains  of 
Vermont,  821. 

Greenough*s  '*  Critical 
Examination  of  the 
First  Principles  of 
Geology,"  quoted^ 
218. 

Greensand,  lower,  315, 
316,  317. 

Greensand,  upper,  315. 

Greensand,  Mr.  Bailey 
on,  314. 

Greenstone-porphyry, 
904. 

Grey  chalk,  301. 

Grey-wethers,  231. 

Griffith,  Dr.  R.,  on  An- 
trim, 895;  on  the 
Devonian  rocks  of 
Ireland,  7U. 

Grove,  Mr.  W.  B.,  re- 
ferred to,  194, 906. 

Grotto  del  Cane,  80. 

Guadaloupe,  section  of 
the  cliffs  at,  85 ;  fos- 
sil human  skeleton 
from,  87,  88. 

Guettard,  M.,  on  the 
Pentacrinus,  656. 

Gulf-stream,  70. 

Gypsum,  542. 

Gyrogonites,  267. 

Hagly  Park,  811,  812. 

Hall,  Capt.  Basil,  on 
coral-reefs,  637 ;  on 
lava-currents,   850; 
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on  the  Val  del  Bore, 
866. 

Uall,  Sir  James,  expe- 
riments on  melted 
rock.  813. 

Halysites,  824. 

HamUton,  Mr.  W.  J., 
on  the  fumaroles  of 
Tubcany,  544 ;  on 
the  Brown-coal  and 
other  tertiary  form- 
ations of  Germany, 
282. 

Hamites,  346;  from 
gault,340. 

Hampshire    basin, 
lower  tertiary  strata 
of,  240. 

Hand&st  Point,  verti- 
cal Chalk-strata  at, 
395. 

Hants,  tertiary  basin 
of,  227. 

Harkness,  Prof.,  on 
the  red  sandstone  of 
Southern  Scotland, 
555. 

Harlan,  Dr.  R.,  Medi- 
cal and  Physical  Re- 
searches, by,  refer- 
red to^  450, 468, 822. 

Harris^  Mr.  W.,  chalk- 
detntus  discovered 
by,  336;  on  the  iron- 
stone of  the  North 
Downs,  971. 

Hartz,  Silurian  rocks 
of,  822. 

Harwich,  fossil  mam- 
malian remains  in 
daj  off,  136. 

Hastmgs,  Geology  of; 
379;  clifis,  Mr. Web- 
ster's memoir  on  the 
stratification  of  the, 
referred  to,  378 ; 
sands,  381,  385; 
White  Rock  at,  379. 

HastingSfMarchioness, 
fossil  crocodile  from 
clay  near  Lyming- 


ton,  by,  257 ;  fossils 
discovered  by,  242. 

Haughton,  Prof.,  on 
granites,  898. 

Hawaii,  866. 

Hawkms,  Mr.  B. 
Waterhouse,  restor- 
ations of  forms  of 
extinct  species  of 
ancient  mammalian 
and  reptilian  ani- 
mals by,  260,  435, 
448,  451,  532,  553, 
576. 

Hawkins,  Mr.  T.,  on 
Ichthyosauri,  576. 

Hawkshaw,  Mr.,  on 
upright  trees  in  the 
Coal,  687. 

Headley,  oyster-sheila 
at,  231. 

Headon  HUl,  fresh-wa- 
ter tertiary  shells  at, 
249;secUonof,242. 

HeUolites,  824. 

Helminthochiton,  826. 

Hempstead  Cliff,  243. 

Henfrey,  Prof.,  re- 
ferred to,  710,  717. 

Henslow,  Rev.  Prof., 
referred  to,  710 ;  on 
microscopical  sec- 
tions of  coal,  904. 

Herbivora,  Osteology 
of  the,  141. 

Herbivorous  reptiles, 
436. 

Hercnlaneum,  856. 

Hermit-crab,  claws  of, 
from   Maestricht, 
350. 

Heme   Baj,  fossil 
mammahan  remains 
in  clay  at,  136. 

Herschel,  SirJ.F.W., 
referred  to,  44,  46, 
110,  462,  774;  on 
the  Nebular  theory, 
463. 

Herter,  M.  Paul,  re- 
ferred to,  566. 


Hertfordshire  pudding- 
stone,  101. 

Hibbert,  Dr.,  on  meta- 
morphism  of  rocks, 
903. 

Highgate,  marine  eo- 
cene shells  at,  247 ; 
Nautilus  imperialii 
from,  249;  remains 
of  Chimieroid  fish 
at,  255. 

High  temperature,  ef- 
fecto  of,  102. 

Hippopotamus,  rhino-* 
oeros-hone,  ftc.  (fos- 
sil), 172. 

Hippurite-limestone, 

Historical  evidence^ 
108. 

Hitchcock,  Prof.,  re- 
ferred to,  821;  on 
fossil  foot  -  tracks, 
558,  927. 

Hochstetter,  on  neat- 
bogs,  65. 

Hoffman,  M.,  disco- 
very of  Mosasaurus 
by,  320. 

Holoptychius,  770;  no- 
biliasimiis,  796. 

Hooker,  Dr.  J.  D.,  re- 
ferred to,  710,  735, 
743. 

Hopkins,  Mr.  William, 
on  the  interior  of 
the  earth,  32;  on 
toad-stone,  699;  on 
the  earth's  tempera- 
ture, 32. 

Hordwell,  marine  eo- 
cene shells  at,  247 ; 
Alligator  Hantonien- 
sisfrom,  256;  Cliff, 
242. 

Homblende,883;  slate, 
900. 

Homer,  Leonard,  Esq., 
on  the  Geology  of 
the     environs      of 
Bonn,     282 ;       on 
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Egypt  and  the  Nile, 
60. 

Homitoi  of  JuruUo, 
873. 

Hone,  remains  of,  in 
Conglomerated  shin- 
gle from  Brighton 
difla,  173;  skiiU  of 
the,  141. 

11  orsham,     fliwn  •  Oo- 
loored     sandiAone 
near,  382. 

HoTo,  chalybeate  hill 
at,  241. 

Howse,  Mr.  R.,  on 
Permian  rocks,  537, 
563. 

Hudson  RiTer  rocks, 
821. 

Hull,  Mr.  £.,  on  the 
Cotte8Wolds,.504. 

Hullmandel,  Mr.  C, 
on  the  subsidence  of 
the  coast  at  Pus- 
zuoli,  470. 

Human  bones  and 
worlcs  of  art  in  ca- 
verns, 183,  184;  in 
the  gravel  of  the 
Suabian  Alps,  185 ; 
in  the  Aire  valley, 
near  Leeds,  185. 

Human       skeletons, 
fosaU,  85;    in  Sedi- 
ments of  the  river 
valleys,  64. 

Humboldt,  Baron,  on 
aerolites,  53 ;  on 
Volcanic  phienomena, 
860 ;  un  granite,  dl6. 

Hunt,  Mr.  Robert,  on 
crystallisation,  d09; 
on  salt  produce,  541. 

Huntingdonshire,  re- 
mains of  hippopota- 
mus from,  1/2. 

Huronian  or  bottom 
rocks  of  Canada,  821'. 

Hutton,  Dr.,  referred 
to,  104,  915. 

Huttou;       Mr.      ^., 


"Fossil  Flora,"  710. 
Hixzley,  Prof.  T.  H., 

referred    to,     53i ; 

on  fish-tails,  795. 
Hybodonts    of     the 

Wealden,  424. 
Hybodus,    teeth    and 

jaws  of,  355 
Hydra,  606. 
Hyena,     remains    of, 

fVom  Rirkdale  Cave, 

181 ;   remains  o(  in 

Kent,  182. 
Hylaeosaurus,  remains 

of,    451,   452;     6r 

Wealden  lizard,  449, 

485. 
Hymenocaris,  827. 
Hyopotamus,  262. 
Uypsodon,356;  Le#- 

esiensis,  357. 
Hypogene  rocks,  206, 

880  883. 

I. 

Ibbetson,  Bfr.  L.,  and 

Mr.  Morris,  on  the 

Cbllyweston    slates, 

517. 
Ice,  extinct  elephant, 

or  Mammoth,  in,  151. 
Icebergs  and  glaciers, 

71. 
Iceland,  the    GeVsiirs 

of.  93,  95. 
Ichnolites     or     fodsil 

footsteps,  555. 
Ichthyodorulites,  551. 
Ichthyolites,  Devonian, 

790;  of  the  Chalk, 

352 ;  Carboniferous, 

769;  Silurian,  832 ; 

Tertiary,  269. 
fchthyology,fossil,  351. 
Ichthyosauri    of    the 

Oolite,  497. 
Ichthyosaurus,  576 ;  in 

chalk,  367. 
TgUanas  or  land-lixards, 

436. 


Iguanide,  482. 

Iguanodon,  367,  436, 
444 — 446 ;  country 
of,  453,  484 ;  femur. 
Sec.,  of;  44G,  447; 
lower  jaw  of,  441. 
probable  form  and 
size  of  the,  447;  re- 
mains of,  discovered 
byMr.W.H.Bensted 
in  lower  greensand 
At  Maidstone,  442; 
ri|^t  side  of  lower 
jaw  of,  441;  ver- 
tebra; of;  441,  445 ; 
teeth  and  jaws  of, 
438,  439;  Mantelli, 
438  ;  upper  tooth  oi; 
440. 

lUbrd,  fossil  bones 
from,  150. 

lUhusonkb  or  Plymouth 
group,  786. 

Incrustations,  75. 

Incrusting  springs,  73. 

Indusia  fabulata,  from 
Auvergne,  277. 

Inferior  oolite,  676. 

Infusorial  maris  of 
Vix^ginia,  286. 

Inoceramus  concentri- 
cus,  340;     in    cre- 
taceous  sthita    of 
Saxony. 

Inoceramxis  sulcatns, 
340;Lamarckii,340. 

Ionian  Islto,  osseous 
breccias  in,  137. 

Insects,  carboniferous, 
766 ;  fossil,  from 
Aix,  265 ;  of  the 
Wealden,  421. 

Intense  heat,  effects  of; 
877. 

Introduction,  by  Prof. 
SUliman,  I. 

Ireland,  chalk  in  An- 
trim, 302 :  peat-bogs 
of,  65 ;  Cervus  me- 
gaceroe  in,  131. 

Irish  elk,  1'31 ;  gigan- 
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tic  deer,  fbssil,  131. 

Iron,  849,  911 ;  con- 
solidation by,  81. 

Ironstone,  recent,  81t)* 

Iron-pyrites,  900. 

Iron-works  of  Sussex, 
386;  of  the  Romans, 
near      Maresfield, 
386 ;  of  the  South- 
east of  England,  386. 

Isbister,  Mr.  A.  K., 
on  the  Geology  of 
North  Americil,  789. 

Ischia,  845 ;  changes  of 
level  in,  962. 

Isis  hippuris,  629. 

Isle  of  Ascension,  89 ; 
ofMan,903;Cerviul 
megaceros  in  the, 
131 ;  of  Portland, 
395;  of  Purbeck, 
bone  from,  412 ;  of 
Bathlin,  895;  of 
Sheppey,  233;  ma- 
rine eocene  shells  at, 
247 ;  fruits  in,  245  ; 
of  Skye,  896;  of 
Staffa,891;  of  Wight, 
238;  cretaceous  se- 
ries along  the  south- 
em  coadt  of,  303; 
fluTio-mirine  upper 
eocene  deposits  in 
the,  243;  fossil  fo- 
rest of,  300 ;  fresh- 
water tertiary  strata 
of,  242';  triad  foot- 
marks in  the  Weal- 
den  strata  of  the, 
382;  section  from 
London  to  southern 
coast  of,  374;  teif- 
tiary  basin  of,  227. 

Ivory,  fossil,  148. 


J. 

Jackson,  Dr.    C.   T., 

referred  to,  66. 
Jackson,  Mr.  J.  R.,  on 


minerals,  905. 

Jaeger,  Dr.,  on  fossil 
reptiles,  523 ;  on  La- 
byrinthodon.  552. 

lardine.  Sir  W.,  on 
footprints,  575. 

Jeffreys,  Mr.,  on  solu- 
tion of  silex,  99. 

Joggins,  coal-beds  of 
the,  689. 

Johnston,  Mr.,  on  Zoo- 
phytes, 603,  619. 

Jones,  Admiral  Theo- 
bald, collection  of 
fish-remains  by,  771. 

Jones,  Mr.  T.  Rupert, 
Monograph  of  the 
Tertiary  Entomos- 
traca,  254, 350, 418  ; 
Monograph  of  the 
Cretaceous  Ento- 
mostraca,  351 ;  on 
the  ironstone  of  the 
North  Downs,  971. 

Jones,  Mr.  Rupert,  and 
Mr.  W.  K.  Parker, 
on  foram  in  ifera,  334. 

Jones,  Prof.  Rymer,  on 
the  animal  kingdom, 
600. 

Jorullo,87I. 

J-ukes,  Mr.  J.  B.,  on 
South  Staffordshire 
coal-field,  563;  re- 
ferred to,  70t5;  on 
coral-reefs,  635 ;  oH 
Geolo^  of  Cham- 
wood'  Forest,  902. 

Jurassic,  coal-field  of 
EastemYirginia,5 18; 
formation,  or  general 
view  of  the  Oolite 
and  Lias,  489 ;  lime- 
stone, altered,  895; 
or  oolitic  formation, 
202. 


Kaolin,  883. 
Kelloways  Rock,  501. 


Kemp-town,      near 
Brighton,  remains  of 
Mosasaurus  in  chalk 
at,  321. 

Kent,  bone  from,  412 ; 
fossil  mammalian 
remains  in  loam  and 
chalk  -  conglomerate 
in  the  clifls  of,  136 ; 
teeth  of  Mosasaurus 
in  chalk  of,  321. 

Kentish  Rag,  301,316; 
Iguanodon  found  in, 
442;  vegetable  fos- 
sils in,  327. 

Kent's  Cave,  near  Tor- 
quay in  Devonshire, 
osseous  contents  of, 
described,  182 ;  hu- 
man remains  in,  183. 

Kent's  Hole,  near  Tor- 
quay, bones  in,  137. 

Kilauea,  866. 

KaiasofComwall,786, 
899. 

Kimmeridge  clay,  497. 

King,  Prof.  W.,  refer- 
red to,  678  ;  on  Si- 
giUaria,  678,  743. 

Kirby,  Mr.,  referred 
to,  589. 

Kirkdale,bones  in  cave 
at,  137,  190. 

Knorr,  M.,  referred  to, 
512. 

Knorria,  Silurian,  822. 

Koh-i-noor  diamond, 
725. 

K5nig,  Mr.,  referred 
to,  576. 

Kupfer-schiefer,  913. 

Kyson,  fossil  monkey 
found  at,  263. 


LabyrintUodon,  552. 
Labyrinthodont     rep- 
tiles, 552. 
Lacustrine  deposit  cf 
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CBningeiL  268. 

Lacustrine  aepotiU,86, 
137. 

Lasomys  or  hare-rat, 
188. 

Lagoon-islands,  640. 

Lake-district,  805. 

Lake,  of  the  Solfatara, 
76,463;  thermal,  at 
Rottt-Mahana,  98. 

Lamna  cras8idens,354 ; 
elegans,  354. 

Land  and  sea,  mnta- 
tions  in  the  relative 
leTel8oC117,958. 

Langton  Green,  Weal- 
den  fossils  from,  4*20. 

Lamarck,  ProC,  v^er- 
redto,  600. 

Laophis     crotaloides, 

Laplace,  on  aerolites, 
52;  on  astronomical 
phenomena,  44. 

Lathrobium  from  Aiz, 
266. 

Lara,  207,  848;  cur- 
renu,  850,  851. 

Law  of  extinction,  124. 

Lea,  Dr.  1.,  on  fossil 
footprints,  771. 

Lead,  849.  908,  910 ; 
mines  of  Derbyshire, 
695. 

Lee,  Dr.,  collection  of 
Hartwell  fossiIs,497. 

Leidy,  Prof.,  on  creta- 
ceous cetacea,  325. 

Leiodon  anceps,  321. 

Leith  Hill,  372. 

Lemmings  or  Lapland , 
marmot,  188. 

Leparia  nivalis,  609. 

Leperditia,  828. 

Lepidodendron,  749. 

Lepidotus  of  the  Weal- 
den,  423 

Leptienc,  Devonian, 
820;   SUurian,  825. 

Leptolepis  of  the 
Wealden,  424. 


Leptopleuron  lacerti- 
num,  798. 

Lewes  levels,  describ- 
ed, 61 ;  remains  of 
Mosasaums  in  chalk 
near,  321. 

Lias  series,  202.  520, 
676,  925;  Uble  of 
the,  491. 

Lickey  Hill,  quarts 
rock,  221. 

Lickey  HUls,  817. 

Liebig,  on  the  forma- 
tion of  coaU  721. 

Lignite,  912;  of  the 
Rhine,283 ;  at  Wool- 
wich, 245;  of  the 
Wealden,  405. 

Lily-encrinite,  660. 

Lily-shaped  animals, 
654. 

Lime,  carbonate  of,  74. 

Limestone,allered,903; 
shales,  674. 

Limestone  (recent)  of 
the  Bermudas,  83. 

Limnsa  effilea,  248. 

Limuloides,  827. 

Lindfield  quarries,  382 

Lindley,  Prof.,  referred 
to,  710. 

Lingula,  Silurian,  825. 

Linton  or  AahburUm 
group,  786. 

Lipari  Isles,  843. 

Liparus,  from  Aiz, 
266. 

Lister,  Mr.,  or  polypes, 
612. 

Litharasa    Websteri, 
246. 

Lithographic  stone  of 
Germany,  511. 

Lithological  characters 
of  the  tertiary  stra- 
ta, 213 ;  structure  of 
the  Iguanodon  coun- 
try, 486. 

Lituola  nantiloidea, 
a35. 

Livy,  quoted,  874. 


Llandovery  group,  825. 

Lobster  -  bed  of  the 
lower  greensand  at 
Atherfield,  349. 

Lochaber,  terraces  of, 
954. 

Lode,  908. 

Loess  of  the  Rhine. 
285. 

Loflus.  Mr.  W.  K.,  on 
origin  of  rock  salt, 
542. 

Logan  stones,  901. 

Lonchopteris  Mantelli, 
found  in  Sweden  by 
Prof.  Neilson,  387 ; 
on  the  Weald,  406. 

London  and  Brij^on, 
geological  phenome- 
na between,  372  ; 
railway  section,  373. 

London  basin,  Arte- 
sian wells  of,  237. 

London  clay,  227 ; 
basement  bed  of, 
231;  fossU  shells 
from,  253. 

London,  fossil  bones 
in  beds  of  gravel 
near,  137;  tertiary 
basin  of,  227,  229. 

Longmynd,  or  bottom 
rocks,  807. 

Lonsdale,  Mr.,  on  the 
corals  and  bryoxoa 
from  the  eocene  and 
miocene  strata  of 
North  America,  246; 
on  Devonian  fossils, 
785 ;  on  the  oolites, 
503. 

Loo  CSioo,  ooral-reefr 
of.  637. 

Lower  greensand,  301, 
315  ;  fossils  of  the, 
326. 

Lower,  Mr.  M.  A.,  dis- 
covery of  iron-works 
of  the  Romans  by, 
386. 

Lower    pentamenis 
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limestone,  821. 

Lower  secondary  for- 
mations, 488. 

Lower  Silurian,  821. 

Lndna  sulcata,  247. 

Lulworth  Ck>ye,  396; 
petrified  trees  in, 
402. 

Lycia,  changes  of  lerel 
in,  961. 

Lyell,  SirC,  classifica- 
tion of  the  tertiary 
strata,  210;  disco- 
very of  fossils  at 
Pouncefordby,380; 
remarks  on  the  cre- 
taceous strata  of 
New  Jersey,  323; 
on  deltas,  388;  on 
the  Siberian  Mam- 
moth, 152;  on  the 
Val  di  Noto,  222; 
on  Scandinayia,  116 ; 
on  the  Loess  of  the 
Rhine,  284;  on  the 
trains  of  erratic 
blocks  in  Massachu- 
setts, 219;  on  ice- 
bergs, 219;  on  terti- 
ary lands  and  seas, 
285  ;  on  rocks  alter- 
ed by  granite,  901 ; 
on  drift-deposits, 
217 ;  on  lava-cur- 
rents, 850 ;  on  the 
delta  of  the  Ganges, 
58 ;  on  the  divisions 
of  the  tertiarie8,2l5 ; 
on  the  Isle  of  Arran, 
897  ;  on  the  geogra- 
phical distribution  of 
animals  and  plants, 
331 ;  on  hypogene 
rocks,  206, 915;  dis- 
tribution of  animals 
and  plants,  33;  on 
the  Vireinian  coal- 
fields, 518 ;  on  cre- 
taceous cetacea,  325; 
classification  of  stra- 
ta, 200;  on  the  ter- 


tiary seas,  211;  on 
freshwater  beds  at 
Aix,  266;  on  the 
Temple  of  Serapis, 
106,  958;  on  the 
country  of  the  Igua- 
nodon,  485. 

Lycopodiaces,  635. 

Lymington,  remains  of 
crocodiles   in   clay 
near,  257. 

Lyon,  Mr.  W.,  on  the 
coal  of  New  Zealand, 
708. 

Lytton,  Sir  E.  Bulwer, 
quoted,  857. 


M. 

Macacus  eocienus  of 
Kyson  or  Kingstone, 
264;  pliocaenus,  of 
Grays  m  Essex,  264. 

M'Gosh  and  Dickie, 
on  adaptations  of 
animals  and  plants, 
592. 

M*Coy,  Prof.  F.,  re- 
ferred to,  708. 

MaccuUoch,  Dr.,  on  the 
papyri  of  Pompeii, 
858 ;  on  the  parallel 
terraces  of  Glen 
Roy,  954;  on  the 
Western  Isles,  893. 

Macellodus  Brodiei, 
394. 

Machsrodus  latidens, 
182. 

Mackenzie,  Sir  George 
S.,  "Travels  in  Ice- 
land," referred  to, 
874;  on  the  Gey- 
sers, 94. 

Macrauchenia,  from 
Patagonia,  172. 

Macropoma  Mantelll, 
357,  361. 

.Macrorhyncus  Meyeri, 
432. 
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Madeira,  volcanic  clifls 
at,  962. 

Madrepore,  602,  624. 

Meandrina  cerebri- 
formis,  626. 

Maestricht,  301 ;  creta- 
ceous strata  near,  de- 
scribed, 318 ;  Mosa- 
saurus  discovered  at, 
319,366;  fungia  in 
limestone  from,  330; 
Retepora  clathrata 
firom.  330. 

Magdesprung,  SUurian 
plants  of,  822. 

Magnesian  limestone, 
565;  formation,  203. 

Maidstone,  Iguanodon, 
442 ;  thickness  of  an 
ancient  alluvial  silt 
at,  149. 

Malachite,  913. 

Mallotus  villosus  (fos- 
sil), 256. 

Mai  pays  in  Mexico, 
873. 

Malvern  Hills,  struc- 
ture of  the,  815. 

Mammalia,  fossil,  136, 
148,149,164;  of  Au- 
vergne,  278 ;  of  the 
Sub  -  Himalayahs, 
162 ;  of  the  tertiary 
period,  259 ;  tertiary 
of  Auvergne,  278 ; 
from  Stonesfield  and 
Purbeck,  394,  508 ; 
from  Stuttgart,  561 ; 
from  Carolina,  520. 

Maromaliferous  crag, 
224, 

Mammoth,  in  frozen 
gravel,  153;  skele- 
ton of,  153. 

Mammoths  of  the  allu- 
vial deposits  of  Rus- 
sia and  Siberia,  155. 

Mam  Tor,  strata  of, 
677. 

Mantellia  cylindrica, 
402;  nidiformis,  si 
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Iiciftedst6mof,401. 

Mantell,  Mr.  R.  N., 
oo  Oxford  CUj  fot- 
sil8,500;  spiniferites, 
diaoovered  by,  312. 

Mantell,  Mn.,  teeth 
of  Iguanodon  first 
found  by,  436. 

Mantell,  Mr.  Walter, 
disoorery  of  Nitomis 
by,  128:  on  New 
Zealand,  706. 

Marble,  Purbeck,  416; 
Siusex,  415 ;  of 
Tabreex  in  Persia, 
77. 

Marcou,  M.  Jules,  on 
Jurassic  fossils  in 
N.  America,  494. 

Marine  eocene  shells, 
247;  lizaids,  576; 
reptiles  of  the  Weal- 
den,  427. 

Marsupites,  662 ;  Mil- 
leri,  in  chalk,  Brigh- 
ton, 337. 

Martin,  Mr.  J.  P.,  on 
theGeology  of  West- 
em  Sussex,  385. 

Martin,     Mr.     John, 
painting     of    the 
Country     of     the 
Iguanodon  by,  455. 

Maryland,     tertiary 
strata  of,  286;    eo- 
cene straU  at,  323. 

Mastodon,  262,^964; 
and  other  gigantic 
quadrupeds  at  Big- 
bone  Lick,'in  Ken- 
tucky, 157;  Arver- 
nensis  in  Norwich 
Crag,  160,  265; 
elephantoidcs,  from 
Ava,  180;  in  Asia 
Minor,  159 ;  in  Crag 
of  England,  159, 224, 
965;  in  Europe,  Asia, 
and  America,  159; 
in  Spain,  159;  in 
Switzerland,   159; 


Ohioticus,    North 
America,  160. 

Matlock  Springs,  74. 

Mauna  Loa,  866. 

Medina  sandstone,  821 . 

Mediterranean,06seou8 
breccias  on   the 
shores  of  the,  137, 

Meek  and  Hayden,  on 
fossils  from  Nebras- 
ka, 325. 

Megalichthys,  770. 

Megalonyx,  from  Big- 
bone  CaTe,  170. 

Megalosaurus,  435 ; 
Buckiandi,  436. 

Megatherium,  in  allu- 
Tial  deposits  in  the 
Pampas,  167;  col- 
lection of  bones  of, 
in  the  Hunterian 
Museum,  165;  Ame- 
ricanum,  restored 
outline  of  the,  168. 

Melanopsis  tricarinata, 
417. 

Mellite,  724. 

Melted  quartz,  886. 

Membranipora,  613. 

Mendip  Hills,  osseous 
breccias  at,  137. 

Mercury,  911. 

Mesostylus  Faujassli, 
350. 

Metalliferous   reins, 
907. 

Metamorphic  rocks, 
206,897;  fossiU  in, 
916. 

Metamorphism   of 
rocks,  902. 

Meteoric  stones,  49. 

Meyeria  Vecten8is,349. 

Meyer,  M.  H.  Von,  on 
the   pterodactyles, 
583;  on  the  sauro- 
batrachians,  552. 

Mica,  206,  849,  883. 

Mica-schist,  880,881, 
884,895. 

Micraster   cor-angui- 


num,  338. 

Microconchus,  678. 

Microlestes  antiquuB  of 
the  Trias,  561. 

Microscopic  examina- 
tion of  fossil  trees, 
715. 

MicTosoa  of  the  Chalk, 
331. 

Middle  and  lower 
groups  of  the  chalk 
formation,  314. 

Middle  Silurian,  821. 

MUiobatis,  225. 

Mtllepora,  619. 

Miller,  Mr.  Hugh,  re- 
ferred to,  29,  496, 
812, 913 ;  on  the  old 
red  sandstone  and 
its  fishes,  786,  ftc. 

Millstone  grit,  692, 
675. 

Mineral  compositioa  of 
rocks,  194;  oU,722. 

Miocene,  or  middle 
tertiary,  210,  211, 
216,  226. 

Mississippi,  delta  of 
the,  57. 

Missouri,  Upper,  U.  S., 
remains  of  Mosasau- 
ri  at,  321. 

Moa  of  New  Zealand, 
128. 

Mode  of  disposition  of 
the  Coal,  681. 

MoUusca,  212,  414; 
Devonian,  792;  of 
the  Oolite,  528. 

MoUuskite,  415. 

Monkeys,  fossil,  262. 

Mont  Blanc,  height  of, 
35. 

Monte  Bolca,  fishes  of, 
255,269;  fossU  tor- 
pedo at,  255;  ter- 
tiary strata  of,  269. 

Monte  Nuovo,  844. 

Montgomery,      Mr. 
James,  on  coral-is- 
lands, 641. 
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Montmartre,  fossil  bird 
from,     257;     fossil 
manamals      from, 
259;  gypseous  build- 
ing-stone at,  257. 

Moon,  Mr.  Bakewell 
on  the  surface  of  the, 
462. 

Moore,  Mr.  C,  refer- 
red to,  523. 

Morris,  Prof.  J.,  on  fos- 
sil mammalia,  149; 
on  the  oolitic  rocks 
of  Lincolnshire,  503 ; 
on  the  CoUyweston 
slates,  517;  on  in- 
sects in  the  Lias, 
523;  on  the  forma- 
tion of  selenite,  544 ; 
on  microscopic  exa- 
mination of  coal,7l7. 

M  osasaunis,d  iscoyered 
byM.Hoffmau,320; 
gracilis,  321;  Hoff- 
manni,  319,  321  ; 
model  of,  in  British 
Museum,  320;  of  the 
Chalky  366;  remains 
of,  at  Kemp-town, 
near  Brighton,  321 ; 
at  New  Jersey,  321 ; 
at  Upper  Missouri, 
U.  S.,  321 ;  in  Eng- 
lish Chalk,  321 ;  or 
fossil  reptUe  of  the 
Mouse,  described, 
319;  stenodon,  321; 
teeth  of,  in  chalk  of 
Essex,  321;  in  chalk 
of  Kent,  321 ;  in  the 
cretaceous  deposits 
ofOalicia,321. 

Moultrie,  Dr.,  on  the 
Onadaloupe  skele- 
ton, 87. 

Mountain-chains,  chro- 
nology of,  919. 

Mountain-limestone, 
675,  693. 

Mountains,  heights  of, 
35. 


Mount  Dore,  extinct 
Tolcanos  at,  275 ; 
profile  of,  276. 

Mount  Etna,  862. 

Mount  Washington,  10. 

MuUattoe,  894. 

Munster,  Count,  on  So- 
lenhofen  deposits, 
513. 

Muschelkalk  of  the 
Trias,  661. 

Musk-buffalo  from  Si- 
beria, ]73. 

Musk-ox,  fossil,  133. 

Muswell  Hill  drift, 221. 

Mutations  in  the  rela- 
tive level  of  land  and 
sea,  117. 

Murchison,  Sir  R.  I., 
on  the  ancient  lake 
at  (Eningen,  268  ; 
on  the  Geology  of 
Russia  and  the  Ural, 
125,  220,  322;  on 
nummulitic  rocks, 
252;  and  Sir  Charles 
Lyell,  on  the  fresh- 
water formation  of 
Aix  in  Provence, 
266  ;  on  icebergs, 
219;  on  the  drift  of 
Staffordshire,  220  ; 
on  the  Siberian'mam- 
moth,.  156;  on  the 
Cheltenham  waters, 
545;  on  .the  Lower 
Silurian  rocks  of 
Sutherland,  917;  on 
the  rocks  and  fossils 
of  the  Silurian  sys- 
tem, 799  ;  on  Coal- 
brook  Dale,  677  ; 
on  <  the  Metamor- 
phic*  rocks  of  the 
Ural,  904  ;  on  the 
Devonian  rocks,785 ; 
on  the  Tuscan  f'uma- 
roles,  5  44  ;  on  the 
Trias,  538.  539;  on 
extinction  of  species, 
125;  on  the  Permian 
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rocks,  566;   on  the 
Brora  beds,  517 ;  on 
the      Scandinavian 
drift,  156. 

Mycetophila  from  Aix, 
266. 

Myliobatis  in  London 
Clay,  255. 

Mylodon,  in  alluvial 
deposits  in  the  Pam- 
pas, described,  169. 

Myrrhine  vases,  696. 

Mytilus  Lyellu,  380, 
418. 

N. 

Naimh-bim,  891. 

Nangenoy  meteorite, 
49. 

Naphtha,  722. 

Napoleonite,  901. 

Native  copper,  910 ; 
iron,  911. 

Nature  of  coal,  71 7;  of 
coal-deposits,  679  ; 
of  geology,  26 ;  vol- 
canic action,  839  ; 
zoophytes,  616. 

Naumann,  Prof.,  on 
gneiss,  882. 

Nautilus  (Aturia)  zic- 
zac  from  London 
Clay,  250 ;  elegans, 
343 ;  imperialis,  249 ; 
ofthe  Chalk,  343;  of 
the  tertiary,  249. 

Nebraska,  North  Ame- 
rica, fossils  from, 
325 ;  cretaceous  de- 
posits at,  322. 

Nebulae,  various  states 
of  the,  44. 

Nebular  theory  of  the 
universe,  41,  46.3. 

Needles     (Isle     of 
Wight),  chalk  strata 
nearly  vertical  at  the, 
303. 

Nelson,  Col.,  referred 
to,  83,  631. 
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Neogene  roclcs,  210. 

Neozoic  system,  925. 

Neritina  FittoDi,  417. 

NeiTous  system,  596. 

Ne^oundland,  gradual 
rise  aboTe  the  sea, 
058. 

Newhaveiii  fossil  oys- 
ters of^  115 ;  seed- 
vessels,  &c,  in  eo- 
cene strata  at,  245. 

New  Jersey,  U.  S.,  re- 
mains of  Mosasauri 
at,  321 ;  chalk  strata 
at,  323. 

New    red    sandstone, 
^     203. 

*Kew  Zealand,  silicious 
thermal  waters  of, 
97;  Aptcryxof,127; 
Moaof,  127 ;  Notor- 
nis  of,  127 ;  Dinomis 
of,  129;  Dodo  of, 
129;  extinct  birds  of, 
129 ;  alluvial  depo- 
sits of,  560;  fauna 
and  flora  of,  938; 
elevation  of  land  in, 
112,  961 ;  ligiute  of, 
708. 

Niagara  shales  and 
limestone,  821. 

Niccolini,  Signor,  on 
the  Temple  of  Sera- 
pis,  959. 

Nice,  osseous  breccia 
at,  188. 

Nichol.  Dr.,  on  astro- 
nomy, 46,  49. 

Nile,  delta  of  the,  59, 
60. 

Nillson,  Prof.,  Lon- 
chopterls  Mantelliin 
Sweden,  387. 

Nomenclature  of  ge- 
nera and  species,  re- 
marks on  the,  600 ; 
of  the  Bryozoa,  re- 
marks on,  600. 

Norfolk  Island  pine, 
328,  402,  648,  713 ; 


fossil,  392. 

Norman,  Mr.,  micro- 
scopic preparations 
by,  310. 

North  America,  ter- 
tiary strata  of,  285. 

Northampton,  Marquis 
of,  on  Foraminifera, 
a35. 

Northern  drift;,  219. 

North  Stoke,  ancient 
British  canoe  at,  64. 

Northwich,  saliferous 
strata  of,  540. 

Norwich  Crag.  224; 
Mastodon  Arvemen- 
sis  in,  160, 965. 

Notidanus  microdon, 
354. 

Notomis  of  New  Zea- 
land, 127. 

Norwood,  oyster-shells 
at,  231. 

Nucleolites  from  the 
Chalk,  338. 

Nuggets  of  gold,  910. 

NuUipores,  637,  644. 

Nummulites,  250;  in 
the  Pyramids  of 
Egypt,  251. 

NummuUtic  rocks,252. 

Nuthetes  destructor, 
436. 


O. 

Obliterated  stratifica- 
tion, 914. 

Obolus,  Silurian,  825. 

Obsidian,  849. 

Occurrence  of  fossil 
mammals,  birds,  and 
reptiles,  587. 

Ocean,  geological  ef- 
fects of  the,  67  ;  bed 
of  the,  68;  depth  of, 
69. 

(Eningen,  fossil  fox  of, 
268;  description  of 
the  ancient  lake  at. 


268  ;  fossils  in  the 
marl-stone  at,  268; 
lacustrine  deposit  at, 
268. 

Oldhamia  of  Bray 
Head,  Ireland,  809, 
823. 

Old  red  sandstone,204. 

Oligocene,  211. 

Omphyma,  824. 

Oneida  conglomerate 
of  America,  821. 

Onondaga  salt-rocks, 
821. 

Oolite  or  roe-stone, 
492 ;  geographical 
distribution  of,  493 ; 
subdivision  of  the, 
496;  near  Oxford, 
499 ;  period,  925. 

Oolitic  formation,  202. 

Oolitic  or  Jurassic 
group,  table  of  the, 
496. 

Ophidiians,  584. 

Orbitoides  Mantelli, 
252. 

OrestonCave,near  Ply- 
mouth, osseous  c<»- 
tents  of,  described, 
182. 

Organic  kingdom,  sac- 
cessive  changes  of 
the,  927  ;  remains  in 
flint,  309;  in  lava« 
860;  in  the  meta- 
morphic  rocks,  916 ; 
intheWealden,404; 
of  the  Carboniferous 
system,  709 ;  of  the 
Chalk  -  formation, 
323;  of  the  Devo- 
nian series,  790 ;  of 
the  Eocene  strata, 
243;  of  the  Jurassic 
series,  526 ;  of  the 
Silurian  and  Cam- 
brian rocks,  821 ;  of 
the  Stonesfield  slate, 
507;  of  the  Trias, 
547  ;  rocks  compos- 
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ed  of,952;  structure, 
608;  and  inorganic 
bodiesjdifferences  of, 
594. 

Organization  of  yege- 
Ubles,  700. 

Organ-pipe  coral,  631. 

Oriental  ruby,  905. 

Origin  of  rock-salt, 
541. 

Orizaba,  871. 

Oniithoidichnites,  557. 

Ornithorhyncus     of 
Australia,  577. 

Orthis,  Silurian,  820, 
825. 

Orthoceras,  Carboni- 
ferous, 763. 

Orthoceratites,  Middle 
Silurian,  820. 

Osmeroide8,357;  Mon- 
telli,  in  chalk,  360. 

Osseous  breccia,  137, 
185,  188  ;  of  Aus- 
tralia, 189. 

Ostend,  Norfolk,  mam- 
maiiferous  crag  at, 
226. 

Osteology  of  the  car- 
nlvora,  139 ;  of  the 
herbivora,  141. 

Ostrea  deltuidea  of  the 
Oolite,  497;  dislorta, 
418. 

Ouse,  the  yalley  of  the, 
61. 

Owen,  Prof.,  on  British 
fossil  mammalia,  151, 
185,  172,  226,  262, 
264 ;  on  fossil  oxen, 
134;  on  the  cretace- 
ous reptiles,  442  ; 
on  the  Eocene  rep- 
tUes  of  England,  256, 
257 ;  on  the  Weal- 
den  Iguanodon,  441 ; 
on  the  Wealden  Che- 
loniA,  426  ;  on  the 
fossil  reptilia  of 
Britoin,  433,  436, 
442 ;  on  South  Ame- 


rican fossil  mamma- 
lia, 172;  on  the  Me- 
gatherium, 167,168; 
on  concurrence  of  the 
remains  of  insects 
and  small  mammals 
at  Purbeck,  513 ;  on 
the  fossil  mammalia 
of  Stonesaeld,  508 ; 
on  the  Labyrintho- 
don,  552. 

Oxen,  fossil,  in  the 
post-tertiary  deposits 
of  Great  Britain,  133. 

Oxfordclay,  499,  676. 

Oxford-oolite,  or  coral- 
rag.  497. 

Oxide  of  iron,  near 
Bolney,  in  Sussex, 
83. 

Oyster-bed  at  Bromley 
in  Kent,  231. 

Oyster-shells  at  Head- 
ley  in  Surrey,  231 ; 
Norwood,  231  ; 

Reading,  231. 


Pflpstum,  temples   of, 
75. 

Paliechinus,  carbonif- 
erous, 762. 

Palieoniscus,  569 ;  su- 
perstes,  551. 

Palaeontology,    princi- 
ples of,  138. 

Palsosaurus,  570. 

Paleotheria.261,262. 

Palfeotherium     mag- 
num, 259,  261 ;  me- 
dium, 261 ;   minus, 
259,261. 

PaliKosoic  or  Primary 
system,  203,  925. 

Palermo,    fossils     of, 
222. 

Palms,    leares     and 
stems  of,  in  tertiary 
strata,  244. 


Palm,  fossil  trunk  re- 
lated to,  at  Soissons, 
244. 

Paludinaelongata,  416. 

Paludinie  of  the  Weal- 
den, 415;  fluviorum, 
415  ;  Sussexiensis, 
415. 

Pampas,  Mr.  Darwin, 
on  the  alluvial  depo- 
sits in  the,  165. 

Papandiiyang,  864. 

Parallel  terraces  of 
Glen  Roy  and  Lo- 
chaber,  954. 

Parasmilia  centralis, 
330. 

Paris,  Dr.,  on  the  form- 
ation of  recent  sand- 
stone in  Cornwall, 
92,  468,  469;  on 
Logan-stones,  951. 

Paris,  fossil  mammalia 
of,  258  ;  tertiaries, 
eocene  shells  of,  247; 
fresh-water  shells  of, 
248;  tertiary  basui 
of.  227. 

Parish,  Sir  Woodbine, 
collection  of  bones  of 
Megatherium     by, 
165. 

Parka  decipiens,  787, 
790. 

Parker,  Mr.  W.  K.,and 
Mr.  Rupert  Jones, 
on  recent  and  fossil 
foraminifera,  334. 

Parker,  Rev.  Samuel, 
on  a  modern  sub- 
merged forest,  403. 

Parkinson,  Mr.,  on  the 
sod  parts  retained  in 
fossil  corals  [and  cri- 
noids,  654. 

Pattison,  Mr.  S.  R.,  re- 
ferred to,  785. 

PaTonia,  625. 

Peach,  Mr.  C,  discor- 
ery  uf  foisils  in  De- 
vonshire   by,    785  ; 
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diaooTery  of  fossils 

in    SutfaerUnd    by, 

917. 
Pear-encrinite,  662. 
Peat-boga,   65  ;    wilh 

coal,  66. 
Pecten  Jacobeus,  223. 
Pectuncnlas  angusti- 
*  cosUtus,  247. 
Pelorosaurus   of    the 

Wealden,  429. 
Pennatule,  629. 
Pentacriuites,  550»  663. 
PentacrinuSk    recent, 

655. 
Pentameri,  middle  Si- 
lurian, 820. 
Penthetris,  insect  from 

Aix,  266. 
Pentremites,  carboni- 
ferous, 762. 
Pentremites  and  Cys- 

tidea,  658,  666. 
Perennibranchiala, 

553. 
Permian   and     Trias 

formations,  203, 535, 

562. 
Permian  period,  925; 

series    of  Germany 

and  Russia,  566. 
Permian  rocks,  676. 
Peme  of   the  Oolite, 

497. 
Petersburg,  Virginia, 

infusorial  maris  of, 

286. 
Petherwin  beds,  673. 
Petrifaction    by   flint, 

102 ;   of  TegeUbles, 

726. 
Petrified      forest      of 

Portland,  398. 
Petroleum,  723. 
Petteridge    Common, 

in      Surrey,     fossil 

bones  in  beds  of  gra- 

Telat.  137,  173. 
Peysonnel,     Mr.,    on 

Zoophytes,  603. 
Philippi,  M.,  on  terti- 


ary strata  of  Italy, 
210. 

Phillips,  Prof.  J.,  coal- 
beds  of  the  York- 
shire Oolite,  514;  on 
the  Geology  of  York- 
shire, 493;  on  Juras- 
sic fossils,  526;  on 
earthquakes,  877 ; 
on  the  Permian 
group,  535 ;  on  me- 
talliferous reins, 
907 ;  on  the  Stones- 
field  slate,  506 ;  on 
the  crinoids  of  York- 
shire, 659;  on  boul- 
der-drills, 220;  on 
cleaTage,  835 ;  on 
the  Geology  of  De- 
Ton,  785;  on  the 
Oolites  of  Yorkshire, 
5a3. 

Phlegraean  Fields,  843. 

Physa  Bristovii,  414. 

Pichincha,  872. 

Pictet,  M.,  and  M. 
Humbert,  on  fossil 
reptiles,  575. 

Pictet,  M.,  on  the  di- 
luvial deposits  of 
Geneva,  210 ;  on 
fossU  fishes,  256. 

Pictou,  coal  of,  690. 

Pine-trees,  fossil,  401. 

Pinites  protolarix,  713. 

Pinus  succinifer,  245. 

Pisolite  or  peastone, 
492. 

Pitchstone,  849. 

Placoid  fishes,  352. 

Placopsilina  irregula- 
ris, 335. 

Plagiaulax,  394. 

Platemys  Mantelli, 
426. 

Planets,  44. 

Planorbis  cylindricus, 
248 ;  euomphalus, 
248. 

Plants,  Prof.  SUliman, 
on  fossil,  18;  fossil 


in  Eocene  strata, 
244;  from  Chalk- 
strata  of  Aix-la-Cha- 
pelle,  329 ;  from 
Chalk-strata -of  Bo- 
hemia, 329 ;  from 
Chalk-straU  of  Sax- 
ony,329;  fromChalk- 
strata  of  Thuringia, 
329;  Permian,  567; 
Devonian,  790. 

Plaster  of  Paris,  543. 

Plastic  clay,  230. 

Platinum,  911. 

Playfair,  Dr.,  on   the 
Gulf  Stream,  71*;  on 
Huttonian  theory, 
104,  215,  954. 

Plesiosauri  of  the 
Oolite,  497. 

Plesiosaurus,  579  ;  of 
the  Chalk,  367  ;  of 
the  Wealden,  427. 

Pleurotoma   dentata, 
247. 

Pleurotomarie,  of  the 
Oolite,  497. 

Plieninger,  Dt,,  of 
Stuttgart,  on  Triaa- 
sic  mammalia,  561. 

Pliny,  account  of  an 
eruption  of  Vesu- 
vius, 857. 

Pliocene  beds  of  Sici- 
ly, 221. 

Pliocene,  upper  ter- 
tiary beds,  210,  211, 
215. 

Pliopothecus  antiquus, 
263. 

Plumbago,  726. 

Plutonic  rocks,  206, 
897. 

Plymouth,      osseous 
breccias  at,  137. 

Poeciloplenron,  432. 

Polygonal  prisms  in  ba- 
salt,  889. 

Polype,      freshwater, 


Polypifeni    or  corals, 
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601,  618. 

Polyptychodon,  367. 

Pompeii,  856. 

Popo-catepetl,  871. 

PoramboniteSjSilurian, 
825. 

Porcelain-earth,  883. 

Porifera  or  sponges, 
602. 

Porphyritic      dykes, 
897,     899;     rocks, 
873. 

Porphyry,  880,  883. 

Portland,  dirt-bed  at, 
395 ;  erect  fossU 
trees  in  dirt-bed  at, 
399;  oolite,  496; 
3>etrified  forest  of, 
398;  sand,  496;  sec- 
tion of  a  quarry  in 
the  Isle  of,  399;  the 
Isle  of,  396. 

Portlock,  Gen.  J.  E., 
on  DeTonian  rocks 
of  Ireland,  784. 

Posidonomya  minuta, 
549. 

Post-tertiary  deposits, 
200,208. 

Potash-granite,  898. 

Potsdam  sandstone, 
825. 

Pounceford  in  Sussex, 
Wealden  at,  370. 

Precious  stones,  905. 

Preservation  of  a  bed 
of  ice  under  lava, 
859. 

Prestwich,  Mr.  J.,  on 
CoaIbrookDale.678; 
on  the  London  Clay, 
210,  230,  232;  on 
the  Bagshot  sands, 
235;  on  the  water- 
bearing strata  of 
London,  236 ;  on 
Alum  Bay,  239. 

Pr^Tost,  M.  Constant* 
on  the  Paris  basin, 
229;  on  Graham's 
Island,  875. 


Primary  period,  203; 
rocks,  37. 

Primrose  Hill,  fossil 
shells  firom  London 
Clay  at,  253;  Nau- 
tilus from,  250. 

Pristis,  teeth  of,  from 
GoldworthHill,234. 

Proboscidea,  Dr.  Fal- 
coner on  the,  963. 

Proteus  of  Adelsberg, 
78. 

Protichnites,  828. 

Protogine,  883. 

Pseudocrinites,  82. 

Pterichthys    Milleri, 
796. 

Pterodactyles,  581; 
and    birds    of    the 
Wealden,    452;    in 
chalk,  367. 

Pterygotus,  Devonian, 
793;  SUurian,  824, 
833. 

Ptychodus  polygyrus, 

Pudding-stone,  Hert- 
fordshire, 101. 

Pumice,  850. 

Purbeck  beds,  describ- 
ed, 385;  coves  in 
the  south-west  of 
the  Isle  of,  395; 
formation,  202 ;  Isle 
of;392;  marble,  416. 

Puv  de  Come,  273; 
de  Dome,  273;  de 
Parion,  273. 

Puzzuoli,  subsidence 
of  the  coast  at,  470. 

Pycnodtis,  424. 

Pyramids  of  Egvpt, 
nummulites  of,  251. 

Pyrites,  908. 

Pyrometer,  105. 


Q. 

Quadrumana  or  mon- 
keys, 263. 


Quartz,  881,  883, 908. 
Quartz-rock,  886. 
Quekett,  Prof.  J.,  on 

spicula  of  sponges, 

604. 
Quicksilver,  911. 
Quorrv,    Mr.  Lander, 

on  the,  59. 


R. 

Radiolites  Mortoni, 
from  chalk,  341. 

Raft,  fossil,  in  the  Isle 
ofWig^t,d9L 

RaAs,  on  the  Missis- 
sippi, 391. 

Railway  -  section  to 
Brighton,  373. 

Railway-sections,  494. 

Raised  sea -beach  at 
Brighton,  112. 

Ramphorhyncus,  583. 

Ramsay,  Prof.  A.  C, 
on  the  Bunter,  536; 
on  the  Permian  La- 
byrinthodon,  552 ; 
on  the  Permian 
breccia,  565 ;  on  the 
Isleof  Arran,  898. 

Ransome's  artificial 
stone,  99. 

Raphiosaurus,  367. 

Rauchwacke,  563. 

Reade,  Rev.  J.  B.,  on 
diatomacece  in  mica, 
918 ;  microscopic 
investigations  by, 
310,  312,  917. 

Reading,  oyster-shells 
at,  231. 

Recent  plants  clsssi- 
fled,  734;  sandstone 
of  Cornwall,  91  ; 
limestone  of  the 
Bermudas,  83. 

Reconsolidated  gra- 
nite, 900. 

Red  coral,  630 ;  crag, 
224. 
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Redfield,Mr.,  referred, 
to,  519. 

Red  sandstone,  676, 
897. 

Red  sapphire,  905. 

Reed  and  Matheson, 
Drs.,  on  the  Mam- 
moth Care,  457. 

Regenerated  granite, 
70. 

Reichenbach,  Dr.,  on 
the  bitumen  of  Per- 
sia, 723. 

Remains  of  man  in 
modem  deposits,  64 ; 
of  deer  and  other 
terrestrial  animals 
in  sediments  of  the 
river  valleys,  64. 

Rennie,  Rev.  R.,  on 
peat  moss,  719. 

ReptUes,  571 ;  of  the 
Devonian  period, 
797 ;  of  the  Carboni- 
ferous period,  771 ; 
of  the  Chalk,  366; 
of  the  Jurassic  sys- 
tem, 531 ;  of  the 
Permian,  568 ;  of 
the  Tertiary  period, 
256;  of  the  Trias, 
551;  of  the  Weal- 
den,  424;  Prof.  Silli- 
man  on  fossil,  19; 

.  review  of  the  Age 
of,  586. 

Retepora  clathrata, 
from  Maestricht, 
330. 

Retrospect  of  the  geo- 
.    logical  periods,  924. 

Reuss,  Prof.  A.,  on 
fossil  entomostraca, 
350. 

Reversed  strata,  816. 

Review  of  the  hypo- 
gene  rocks,  914 ;  of 
the  lower  Paleozoic 
series,  836. 

Rhine,  extinct  volcanos 
ofthe,  281,  393. 


Rhinoceros,  from  Sur- 
rey and  Sussex,  173. 

Rhopalodon,  Permian, 
571. 

Rhynchonella,  825. 

Rhynchosaurus  of  the 
Trias,  553. 

Richardson,  Sir  J.,  on 
the  Devonian  ot 
America,  787. 

Richmond,  Virginia,  in- 
fusorial marls  of, 
286. 

Ridgway,  Entomos- 
traca discovered  at, 
419. 

Ripple-marks,  60, 382. 

Rivers  and  streams,  the 
effect  o^  55. 

Robert,  M.  E.,  on  the 
Geysers,  97. 

Robertson,  Mr.,  refer- 
red to,  517. 

Rocking-stones,  901. 

Rock-salt  and  brine- 
springs  of  the  Trias, 
540;  of  Carrickfer- 
gus,540. 

Rocks  and  strata,  ar- 
rangement of,  37, 
200 ;  composed  of 
animal  remaius,932 ; 
destruction  of,  by 
carbonic  acid  gas, 
79 ;  mineral  compo- 
'tion  of^  194. 

Rodentia,  skull  and 
teeth  of,  144. 

Roe-stone  or  Oolite, 
492. 

Roebuck  and  rein- 
deer in  France  and 
England,  173, 174. 

Roemer,  Prof.,  on  the 
Wealden,  376.  388. 

Rogers,  Prof.  Henry, 
on  the  Connecticut 
sandstones,  558 ;  on 
the  cretaceous  de- 
posits of  New  Jer- 
sey, 323 ;  on  the  Si- 


lurian rocks  of  Ame- 
rica, 821. 

Rogers,  Prof.  W.  B., 
on  the  Jurassic  ooal 
of  Virginia,  518 ;  on 
Richmond  eaxth, 
286  ;  on  the  Silurian 
rocks  of  America, 
821;onTrilobitesin 
metiunorphic  rocks, 
901. 

Roof  of  the  co^l,  691, 
681. 

Rosaline  infimt,  309; 
in  chalk,  332. 

Ross,  Earl  of,  telescope 
of,  43. 

Ross,  Sir  James,  re- 
ferred to,  879. 

Rotifers,  601. 

Rotu-Mahana,  ther- 
mal lake  at,  98. 

Rowley  Rag,  813. 

Russia,  alluvia  of,  148 ; 
in  the  mammoth- 
epoch,  156;  cre- 
taceous strata  in, 
322 ;  fossil  mam- 
malia of,  148 ;  Mam- 
moths of  the  alluvial 
deposits  o^  155. 


Salamandra,  553. 
Saliferous     strata     of 

Northwich,        540 ; 

tertiary    deposit. 

289. 
Salter,  Mr.  J.  W.,  on 

annelides      in     the 

Longmynd,  808 ;  on 

fucoidal     markings^ 

837. 
Sanarmont,  M.  de,  on 

mineral  veins,  907. 
Sand,  consolidation  of^ 

79 ;  drifted,  90. 
Sanders,   Mr.,  on  the 

dolomitic  conglome- 
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rate  of  Bristol,  563. 

Sandown  Bay,  bones 
from,  412;  chalk- 
strata  in,  31)3. 

Sands  of  the  inferior 
Oolite,  520. 

Sandstone,  896 ;  in 
Cornwall,  formation 
of  recent,  91;  recent 
formation  of,  *  468 ; 
ripple-roarks  on, 
372,  382. 

Sandstones,  shales,  and 
coal-bedsof  Virginia, 
558. 

Sapphire,  905. 

Sardinia,  osseous  brec- 
cia at,  188. 

Sarsden-stone,  231. 

Saturn,  telescopic  view 
of,  46. 

SauU,  Mr.  W.  D.,  re- 
ferred to,  773. 

Saurillus  obtusus,  394. 

Sauro-batrachian  rep- 
tiles, 552. 

Sauroids,  356. 

Saxony,  cretaceous 
strata  in,  322 ;  plants 
from  chalk-strata  of, 
329. 

Scacchi,  Signer,  on  the 
Temple  of  Serapis, 
959. 

Scales  of  the  four 
groups  of  ii8he8,35 1 , 
352. 

Scandinavia,  elevation 
of,  115;  boulders 
transported  from, 
219. 

Scandinavian  drifl,220. 

Scaphites,  346. 

Scar-limestone,  674. 

Schafhautl,  M.,  refer- 
red to,  953. 

Scheerer,  M.,  referred 
to,  950. 

Schimper,  M.,on  crus- 
taceans of  the  Trias, 
549. 


SchUU,  834. 

Schlotheim,  Baron/re- 
ferred  to,  550. 

Schrieber,  M.,  on  aero- 
lites, 51. 

Schulz,  M.  F.,  on  de- 
tection of  vegetable 
structure  in  lignite, 
716. 

Scolithus  linearis,  822. 

Scotland,       Silurian 
rocks  of,  806. 

Scouler,  Dr.,  referred 
to,  132. 

Screw-stones,  659. 

Scrope,  Mr.  G.  P.,  on 
the  excavation  of 
valleys  by  streams 
and  rivers,  280;  on 
the  Geology  of  Cen- 
tral France,  274, 
293;  on  gneiss,  882, 
950 ;  on  volcanos, 
845. 

Sea-beach  at  Brighton, 
raised,  112. 

Sea-fan,  628. 

Sea-pen,  629. 

Secondary  epoch,  201. 

Secondary  formations, 
299;  subdivisions  of, 
200,  300;  rocks, 
38. 

Section  from  Herts  to 
Sens,  in  France,227 ; 
of  a  cliff  on  theJSea 
of  Azof  at  Taganrog, 
155. 

Sections  on  railways, 
494. 

Sedgwick,  Bev.  Prof. 
A.,  on  the  magne- 
sian  limestone,  565  ; 
on  Permian  fishes, 
509;  on  the  Yore- 
dale  rocks,  692 ;  on 
the  Devonian  rocks 
and  fossils,  785  ;  on 
the  Cambrian  series, 
799;  on  cleavage, 
835 ;  on  the  Whin- 


sill,  896;  on  inter- 
mittent    plutonic 
agency,  921. 

Seed-vessels,  &c.,  in 
eocene  strata  of 
Alum  Bay,  Herd- 
well,  Bournemouth, 
and  Newhaven,  245. 

Seed-vessels,  Silurian, 
822. 

Selenite,  232,  240, 
543. 

Selenium,  849. 

Semnopithecus  mon- 
spessulanus,  263 ; 
pentelicns,  263. 

Senft,  Dr.  F.,  referred 
to,  672. 

Sensation  and  nervous 
system,  596. 

Sepia  or  cuttle-fish, 
described,  342. 

Septaria,  79, 232,  233. 

Sequence  of  geological 
changes,  455. 

Serapis,  Temple  of, 
106,  958. 

Serpentine,  882. 

Serpents,  584. 

Serpulas  of  the  Coal- 
beds,  678. 

Sertularia,  619. 

Sertularids,  602 

Sewalik  Hills,  in  the 
North  of  Indifl,  fos- 
sil zoology  of,  163. 

Shad  bolt,  Mr.,  on  Xan- 
thidia,  313. 

Shalcomb  Down,  sec- 
tion from  Brook 
Point  to,  390. 

Shales,  834. 

Sharks,  teeth  of,  in 
chalk,  354. 

Sharpe,  Mr.  D.,  on 
Vcrticellipora,  647; 
on  Devonian  rocks, 
785 ;  on  cleavage, 
835 

Shells,  fossil,  211 ;  of 
the    tertiary   strata, 
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211,  246;  of  the 
Chalk,  340;  of  the 
Oolite,  502 ;  of  the 
Wealden,  413;  of 
the  Carboniferous 
Kyatem,  762. 

Shelly  limestone,  897. 

Sheppey,  Isle  of,  233 ; 
crustaceans  from 
London  clay  in,263 ; 
marine  eocene  shells 
at,  247 ;  organic  re- 
mains  in,  233;  re- 
mains of  chimeroid 
fish  at,  255. 

Shingle,  elevated  beds 
of,  115. 

Siberia,  alluvia  of,  1 48 ; 
fofsil  mammalia  of, 
148;  skeleton  of  the 
Mammoth,  or  Ele- 
phas  primigenius, 
imbedded  in  frozen 
gravel  in,  153;  and 
Russia  in  the  mam- 
moth-epoch, 156; 
musk-ox  from,  173. 

Sichon,  slaty  rocks  of 
the,  704. 

Sicily,  pliocene  beds 
of,  221. 

SigiUaria,  735,741,822. 

Silez,artificial  solution 
of,  99. 

Silicious  deposits,  92 ; 
thermal  waters  of 
New  Zealand,  97. 

SlUcification,102,727; 
or  petrifaction  of 
vegetables,  730. 

Silliman,Prof.,  on  coal, 
6 ;  on  lignite,  6  ; 
on  marble,  7 ;  on 
metals,  8;  on  Mount 
Washington,  10;  on 
the  Geology  of  Ame- 
rica, 10;  on  fossil 
fishes,  18;  on  fossil 
plants,  18  ;  on  fos- 
sil reptiles,  19. 

Silliman,  Prof.,  jun.. 


on  corals,  638. 

Silurian  and  Cambrian 
rocks,  798;  of  the 
British  Isles,  804; 
of  Europe  and  Ame- 
rica, 819. 

Silurian  formation, 
205;  strata  of  Staf- 
fordshire, 809 ;  fos- 
sils, 821 ;  plant  re- 
mains, 821  ;  zoo- 
phytes, 822;  mollus- 
cs, 825;  Crustacea, 
827;  fishes,  832; 
period,  926. 

Silver  907,   910. 

Siphonotreia,  Silurian, 
825. 

Site  of  the  country  of 
the  Iguanodon,  484. 

SIvatherium,  skull  and 
bones  of,  164. 

Skeleton  of  the  Mam- 
moth, or  Elephas 
primigenius,  imbed- 
ded in  frozen  gravel 
in  Siberia,  153;  fos- 
sil human,  85. 

Skull  ofthe  horse  141; 
of  wild-cat,  140. 

Skye,  oolite-rocks  of, 
517 ;  trap-dykes  in, 
897. 

Slate-cleavage,  835. 

Slate-districts,  897. 

Slates,  characters  of, 
506,  834  ;  of  creta- 
ceous age,  916;  of 
tertiary  age,  916. 

Stickensides,  696. 

Sloth  tribe,  in  alluvial 
deposits  in  the  Pam- 
pas, 166. 

Smerdis  roinutus,  from 
Aix,  265. 

Smith,  Mrs.,  fossils  col- 
lected by,  329. 

Smith,  Mr.  James,  on 
the;  Temple  of  Sera- 
pis,  959. 

Smith,   Mr.  Toulmin, 


fossils  collected  by, 
from  Mttswell  Hill, 
221  ;Hypo8odon  ob- 
tained by,  357 ;  on 
ventriculites,  602, 
647. 

Smith,  Rev.  Dr.  Pye, 
referred  to,  29,  47. 

Snowdon,  strata  of, 
818. 

Soda-granite,  898. 

Solar  system,  forma- 
tion of  the,  44,  45. 

Solfatara,  Lake  of  the, 
76,  463,  844. 

Solvent  power  of  water, 
307. 

Somerville,Mrs.,on  the 
elevation  of  the  Qii- 
lian  coast,  112 ;  on 
the  origin  of  aero- 
lites, 50. 

Sorby,  Mr.  H.  C,  on 
the  microscopic 
structure  of  crys- 
tals, 882,  948,  !I53; 
on  cleavage,  835 ;  on 
granite,  950. 

Southboum  in  Sussex, 
remains  of  rhinoce- 
ros and  hippopota- 
mus from,  173. 

South-east  of  En^and, 
Geology  of,  370. 

Sowerby,  Mr.,  referred 
to,  528. 

Spalacotherium,  394. 

Sphenopteris  Mantelli, 
406. 

Spinax  miyor,  355. 

Spines  of  echinites, 
328. 

Spiniferites  in  flint, 
311,  3I3;palmatuii, 
312;Reginaldi.313. 

Spiriferi,    Devonian, 
820. 

Spirorbis,  826. 

Spondylus  spinosns, 
340. 

Sponges,  602,  604;  in 
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chalk,  329. 

Spralt,  Capt.,  referred 
to,  961. 

Springs,  uicnisting,73 ; 
nature  of,  235 ;  ther- 
mal, of  Iceland,  93 ; 
of  New  Zealand,  97. 

Staffordshire,  Silurian 
strata  of,  809. 

Stalactites  and  ca- 
Tems,  77,  466. 

Stalagmites  and  ca- 
verns, 77,  466. 

Stanniferous    gravel, 
910. 

Star-fishes  of  theChalk, 
337. 

Star-leaf  plant,  738. 

State  Geologi8U,U.  S., 
321. 

Steam,  839. 

Stewart,  Mr.,  on  the 
Volcano  of  Kilauea, 
869. 

Stigmaria,  735,  743. 

Stinkstein,  562. 

Stokes,  Mr.  C,  on  fos- 
sil wood,  728. 

Stonesfield  slate,  506 ; 
organic  remains  of 
the,  507. 

Stone,  Wealden  strata 
at,  403. 

Strata,  altered  by  con- 
Uct  with  basalt,  893; 
chronological  ar- 
rangement of,  199; 
synopsis  of,  200 ; 
composed  of  organic 
remains,  932;  dis- 
placed, 197 ;  fossili- 
ferous,  200. 

Stratification  explain- 
ed. 196. 

Stratified    quartx- 
rocks,  886. 

Streams  and  rivers,  the 
effecU  of,  55. 

Stream-tin.  910. 

Streptospondylus,  429. 

Strickland,  Mr.  H.  B., 


on   fossil    insects, 
530;  on  the  Trias, 
538. 

Strombech,Baron  Von, 
on  the  Encrinus  mo- 
niliformis, 550. 

Structure  of  Ben  Ne- 
vis, 923 ;  of  crysUls, 
883 ;  of  slate-rocks, 
833,  835;  of  the 
crinoidea,  655;  of 
the  earth,  31 ;  of 
volcanic  mountains, 
846. 

Strzelecki,  Coimt,  on 
Australia,  708 ;  on 
Kirauea,  870. 

Studland  Bay,  393. 

Stutchbury.  Mr.,  on 
Australia,  708. 

Sub-Apennine  forma- 
tion8,mammalian  re- 
mains in  the,  136. 

Sub-Apennines,  Age  of 
the,  223. 

Subdivision  of  the  De- 
vonian series  in 
Herefordshire  and 
Ireland,  783;  of  the 
Oolite,  496 ;  of  the 
Wealden,  384;  Isle 
of  Wight,  Wealden 
strata,  .385. 

Sub-  H  imalayan     ter- 
tiary deposits,  162, 
163 ;    remarkable 
collocation  of  fossil 
animals  in,  164. 

Submarine  volcanos, 
874. 

Subsidence  and  eleva- 
tion of  the  Temple  of 
Serapis,  106,  840; 
of  the  coast  of  Pui- 
zuoli,  470. 

Snbsulphate  of  alu- 
mina, 240. 

Subterranean  forests, 
67. 

Successive  changes  in 
the    organic    king- 


doms, 926,  929. 

Successive  epochs  of 
mammalia,  278. 

Suchosaurus    cultri- 
dens,430. 

Sudden    elevation    of 
mountain   masses, 
920. 

Sufiblk,  fossil  mamma- 
lian remains  in  Crag 
in,  136 ;  or  lower- 
most Crag,  224. 

Sulphide  of  iron,  908 ; 
of  lead,  910;  of  sil- 
ver, 910. 

Summary  of  volcanic 
phenomena376,879 ; 
of  the  geological 
phenomena  of  An- 
vergne,  279. 

Superficial  drift,  137. 

Surrey,  fossil  bones  in 
beds  of  gravel  in, 
137. 

Sussex,  changes  in  the 
coast  of,  460 ;  fossil 
mammalian  remains 
in  the  clifis  of,  136 ; 
iron-works  of,  386; 
marble,  415. 

Sutheriand,  Dr.  P.  C, 
on  icebergs,  219. 

Swabian  Alps,  185. 

Swanage  Bay,  section 
across,  from  Ballard 
Down  to  Durlstone 
Head,  393 1  Ento- 
mostraca  discovered 
near,  419 ;  fossU  cro- 
codile, 431. 

Swindon,  dirt-bed  at, 
403. 

Syenite,  883. 

Symonds,  Rev.  Mr.,  on 
the  fossils  in  the 
Keuper,  551. 

Synopsis  of  the  divi- 
sions of  the  Tertiary 
system,  215. 

Systems  of  elevation, 
920. 
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Table  of  carbonife- 
rous deposits,  674; 
of  the  contents  of 
the  Stonesfield  and 
Collyweston  ooliies» 
510;  of  the  contents 
of  the  Wealden  and 
Purbeck  strata,  510; 
of  the  Lias  group, 
491 ;  of  the  Oolitic 
or  Jurassic  gn^oup, 
490 ;  of  the  Permian 
formation,  536  ;  of 
the  Silurian  and 
Cambrian  rocks  and 
fossils,  801 ;  of  the 
Triassic  or  new  red 
sandstone  formation* 
536. 

Tabreez    in    Persia, 
marble  of,  77. 

Tabular  flint,  306. 

Taganrog  Cliff,  on  the 
Sea  of  Azof,  sect  on 
of,  155. 

Taggart,  Rev.  Mr.,  dis- 
covery of  fossil  foot- 
prints in  the  Isle  of 
Wight  by,  382. 

Talc,  883. 

Talcose  schists,  887. 

Tate,  Mr.  G.,  on  the 
carboniferous  flora, 
719. 

Taylor,  Mr.  R.,  water 
in  mines,  and  the 
effects  of  rain,  56 ; 
on  plants  in  coal- 
shale,  691. 

Teeth,  allied  to  the 
Cestracion,  in  chalk, 
355;  of  elephants, 
143 ;  of  Iguanodon, 
436,  438;  of  ro- 
dentia,  144 ;  of 
sharks,  from  chalk, 
354 ;  structure  of, 
141. 


Telerpeton  Elginense, 
798. 

Temperature  of  the 
earth,  34  ;  of  water, 
307. 

Temple  Church  at  Lon- 
don,polished  cluster- 
columns  of  Purbeck 
marble,  416. 

Temple  of  Jupiter  Se- 
rapis  at  Puzzuoli, 
subsidence  and  ele- 
vation of  the,  106, 
958. 

Tennant,  Prof.,  on  the 
Koh-i-noor     dia- 
mond, 725 ;  referred 
to,  310,880. 

TentacuUtes,  825. 

Teredo  navalis,  234. 

Terraces  of  Glen  Roy 
and  Lochaber,  954. 

Terrestrial  mammalia, 
epoch  of,  135. 

Tertiary  basin  of 
Hants,  227;  of 
London,  227;  of  Pa- 
ris, 2^7  ;  of  the  Isle 
of  Wight,  227;  beds 
of  Maryland,  286; 
classification  of  the, 
210,  371;  crusta- 
ceans, 253 ;  depo- 
sits, 38 ;  epoch,  200; 
fishes  of,  254;  ex- 
tinct Tolcanos  of  Au- 
vergne,  272. 

Tertiary  fishes,  253; 
formations,  209,370; 
fossils,  246;  mam- 
malia, 258;  period, 
924;  reptUes,  256; 
saliferous  deposit, 
289;  shells,  211; 
strata  at  Aix,  264; 
distribution  of,  214 ; 
lilhological  diarac- 
ters  of,  213 ;  of  Eu- 
rope, 285 ;  of  North 
America,  285 ;  of  the 
Andes,  287;  Tolcanos 


ofPrance,  270;  zoo- 
phytes, 246 ;  system, 
subdivisions  of,  215. 

Tettigonia  spumaxia, 
firom  Aix,  266. 

Thames,  fossil  mam- 
malia of  the  valley  of 
the,  137,  149. 

Thecodontosaurus,570. 

Thermal  lake  at  Rotu- 
Mahana,  98;  springs, 
843;  waters  (silici- 
ous)  of  New  Zealand, 
97. 

Thick  seams  of  coal, 
683,  732. 

Thraciae  of  the  Kim- 
meridge  Clay,  497. 

Thuringia,  plants  from 
chalk-strata  of,  329. 

Tilgate  Forest,  371; 
description  of  the 
Geology  of,  381. 

Tm,  910. 

Titanium,  849. 

Toadstones  of  Derby- 
shire, 895. 

Tooth  of  Megalosaurus, 
435;  of  the  Elephas 
primigenius,  161, 
971  ;  of  the  Great 
Mastodon,  158;  Mas- 
todon elephantoides, 
161. 

Topping,  Mr.,  micro- 
scopic preparations 
by,  310. 

Torbane  Hill  coal,  718. 

Torpedo,  fossil,  255. 

Tortoise,  fossil,  from 
CEningen,  269. 

Tortoises,  bones  of,  in 
eocene  beds,  256. 

Tortula  cerevisia,  609. 

Touraine,  miocene  stra- 
ta of,  262. 

Toxodon,  the,  describ- 
ed, 172. 

Trachyte,  849. 

Trachytic  porphyry, 
849. 
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Traosfonnation  of  ex- 
isting rocks,  877. 

Transition  rocks,  37, 
819. 

Transmutation  of  me- 
tals, 913. 

Trap,  88. 

Trap-dykes  in  the  Isle 
ofSkye,896;  of  the 
Carboniferous  series, 
698. 

Trap  of  Dudley,  895  ; 
of  the  Malvern,  895. 

Trappean  rocks,  207. 

Trap-rocks  and  trap- 
dykes  of  the  Carbo- 
niferous series,  698. 

Trap-rocks  of  the  Clent 
Hills,  811. 

Travertine,  74. 

Trees,  fossil,  of  the 
Wealden,  at  Brook 
Point,  390. 

Tree-tooth  fish,  797. 

Trembley,  Abraham, 
of  Geneva,  on  the 
hydra,  608. 

Trenton  limestone,  82 1 . 

Tretostemon  Bake- 
welli,  426. 

Trias  and  Permian, 
geographical  distri- 
bution of,  537 ;  for- 
mations, 535. 

Triassic  mammals, 
561;  formation,  203; 
period,  925. 

Triconodon,  394. 

Trigonia  of  the  Oolite, 
499. 

Trilobites,  829;  casts 
of,  in  metamorphtc 
rock,  901;  middle 
Silurian,  820 ;  visual 
organs  of  the,  831. 

Trionyx,  426;  ferox, 
574;  incraa8atus,243. 

Trochites,  658. 

Trochocyathus  Koeni- 
gi,  330. 

Trogoptherium  of  the 


Crag,  226. 

Trotter,  Mr.  Robert, 
fossil  crocodile  at 
Swanage,  431  ;  d's- 
covery  of  Lepidotus 
by,  423. 

Truncatulinie  of  the 
London  Clay,  252. 

Tubipora,  631. 

Tuffa,  calcareous,  74. 

Tunguragua,  872. 

Tunicata,  601. 

Turbinolia,  623. 

Turner,  Dr.,  on  petri- 
faction, 728. 

Turrilites  described, 
341,  346;  costatus, 
from  chalk-marl, 
340. 

Turtles  or  Chelonian 
reptiles,  573 ;  and 
tortoises,  fossil,  574 ; 
fossil,  in  chalk,  367  ; 
ofthe  Wealden,  425; 
remains  of,  from 
Harwich,  257 ;  from 
Sheppey,  257. 

Tuxtla,  871. 

Tyndal,  Prof.  J.,  on 
gUiciers,  72. 


U. 

Uddevalla,  fossils  from, 
116. 

Underclay  of  the  Coal, 
680. 

linger.  Prof.,  referred 
to,  710. 

Univalve  shells  of  the 
Wealden,  413. 

Unio  Valdensis,  417. 

Upheaval  of  the  sea- 
coast  of  Chili,  840. 

Upper  Greensand,  301, 
315 ;  silicified  fossils 
of,  326  ;  of  Ireland, 
894. 

Upper  Pentamerus 
limestone,  821 ;  Ter- 


tiary, or  Pliocene, 
216  ;  or  Red  Crag, 
224. 

Upright  Calamites, 
690 ;  fossil  trees, 
399, 403;  at  Wolver- 
hampton and  St. 
Etienne,  688 ;  in  the 
Coal-measures,  686 ; 
of  Nova  Scotia  and 
Cape  Breton,  689. 

Ural  Mountains,  904. 
(See  alto  Russia.) 

Uraus  priscus,  from  the 
Cave  of  Gaylenreuth, 
178  ;  speleus,  178, 
225. 

Utica  slate  of  North 
America,  821. 


Val  d'Amo,  fossil  bones 
ofthe,  137,172. 

Val  del  Bove,  865. 

Yal  di  Noto,  222. 

ValeofWardour,387; 
Leptolepis  found  in 
the,  424. 

Vallev  of  Woolhope, 
818. 

Valleys  formed  by  run- 
ning waters,  280. 

Valparaiso,  elevation  of 
the  coast  at.  111. 

Vapour,  839. 

Vegetable  cell,  710. 

Vegetable  remains  and 
coal -shales,  691. 

Vegetable  remains' in 
the  Oolite,  526;  of 
the  Cretaceous  sys- 
tem, 327;  Silurian, 
822 ;  rocks  compos- 
ed of,  932. 

Vegetable  structure, 
712. 

Veins,  850,  896,  898  ; 
of  iron  in  tertiary 
strata,    907  ;    and 
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faults  in  strata,  198. 

Vein-stone,  908. 

Vein-stiifi;  908. 

Ventriculites,  602;  in 
chalk,  330,  647. 

Venu8*8  fan,  628. 

Vermicularia  Bognori- 
eusis,  253. 

Veroeuil,  M.  E.  de,  re- 
ferred to,  781,  788, 
821. 

Vertebre  of  Iguanodon, 
444,445. 

Verticillipora  anasto- 
mosans,  647. 

Vesuvius,  845. 

VibratUe  organs,  605. 

Vienna  basin,  644. 

Virginia,  coal-beds  of, 
518 ;  Dismal  Swamp 
of,  684 ;  eocene  strata 
of,  323;  infusorial 
marls  of,  286 ;  sand- 
stones, shales,  and 
coal-beds  of,  558. 

Virgulariie,  614. 

Visual  organs  of  the 
trilobites,  831. 

Volcanic  agency,  104; 
rocks,  207,  897  ;  re- 

flons  of  Auvergne, 
78 ;  and  Hypogene 

rocks,  838  ;    cone, 

844;  products,  848; 

peaks,  849;  tuff,  851. 
Volcano    of    Kilauea, 

866;  ofJorullo,871. 
Volcanos,    tertiary,  of 

France,270 ;  extinct, 

at  Mount  Dore,  275 ; 

extinct,  of  the  Rhine, 

281. 
VoUz,  M.,  referred  to, 

548. 
Voluia,  548. 
Voluta  Faujasii,  341. 
Vorticellae,  616. 

W. 

Wardour,  in  Wiltshire, 


Vale  of,  387. 

Washington,  Mount, 
Prof.  Silliman  on, 
10. 

Water-lime  rocks  of 
America,  821 ;  pro- 
perties of,  55;  sol- 
rent  power  of.  307 ; 
temperature  of,  307. 

Watt,  Mr.  Gregory,  ex- 
periments of,  813, 
889 

Weald  Clay,  377,  385. 

Wealden  and  Purbeck 
formation,  202. 

Wealden,  derivation  of 
the  term,  300;  of  the 
Sussex  coast,  368, 
375 ;  at  Pounceford, 
370;  subdivisions  of, 
371 ;  description  of 
the,  375  ;  Lower 
Boulonnais,  376 ;  of 
the  North  of  Ger- 
many, 377,  388 ; 
delta  of  the,  388 ; 
formation,  subdivi- 
sions and  extent  of 
the,  384, 385;  of  the 
Isle  of  Wight,  389  ; 
of  the  Isle  of  Pur- 
beck, 393;  organic 
remains  in  the,  404 ; 
plants  of,  405 ;  ferns 
of,  405;  coal  of,  405; 
cycadeous  plants, 
407;  fossil  shells  of, 
413,  417;  marbles 
of,  415 ;  crustaceans 
of,  418 ;  cy prides, 
419;  insects  of,  421; 
fishes  of,  422;  rep- 
tiles of,  424;  Lepto- 
lepis  of,  424 ;  marine 
reptiles  of,  426;  Tre- 
tosternon  of,  426; 
turtles  of,  426;  Ce- 
tiosaunis  of,  427 ; 
Plesiosaurus  of,  427; 
Pelorosaurus  of,  427, 
428;  crocodilian  rep- 


tiles of  the,  428; 
Streptospondylus, 
429 ;  Diaosaurxans 
of,  433 ;  Megalosan- 
rusof,  435;  Iguano- 
don of,  436 ;  birds  of^ 
452 ;  pterodactyles 
of,  452;  Zoology  of 
the,  483;  period,  925. 

Webster,  Mr.,  on  die 
English  Tertiary  for- 
mations, 230,  239; 
on'  the  Hasting 
Cliffs,  378. 

Wedge-leaf  plant,  738. 

Westminster  Abbey, 
monuments  of  Par- 
beck  marble,  416. 

Westmoreland,  paleo- 
zoic rocks  of,  805. 

Westwood,  Mr.  J.  O., 
on  the  foasil-iosects 
of  Purbeck,  422;  on 
the  fossil-insects  of 
the  Lias,  530. 

Wetherell,  Mr.,  collec- 
tion of  Highgate  fos- 
sils, 232,  250,253; 
fossils  from  Mus- 
well  HUl,  221. 

Weyer  *s  Cave,  in  North 
America,  78,  466. 

Whale,  fossil,  of  Brigh- 
ton, 150. 

Whewell,  Prof.,  on  the 
solar  system,  47. 

Whin-rock,  888. 

Whin-sill  of  Yorkshire, 
698,  890. 

White  Chalk  and  the 
Chalk  Downs,  303, 
304. 

Whitecliff  Bay,  242, 
243;  marine  eocene 
shells  at,  247. 

White,  Mr.  H.  H.,  on 
spiniferites,  312. 

White  Mountains,  New 
Hampshire,  821. 

White  Rock,  Hastings, 
369 ;  drawing  of,  by 
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Miss  Jane  Allnutt, 
379. 

Wight,  Isle  of,  fresh- 
water tertiary  shells 
at,  249 ;  section  from 
London  to,  374 ;  Ge- 
ology of,  303,  385 ; 
Clathraria  from,  409, 
410;  Igoanodon  of, 
440. 

Wild^t,sknllof,140. 

Wilkinson,  Sir  O.,  on 
Egypt,  91. 

Wilkinson,  Mr.  S.  J., 
on  recent  and  fossil 
Xanthidia,  313. 

Williamson,  Prof.  W. 
C,  on  foraminifera, 
334;  on  the  origin 
of  Uie  coal-beds, 
686. 

Willingdon,  in  Sossez, 
Zamiostrobus  from, 
328. 

Wing-fish,  796. 

Wissenbach  slates,  786. 

Witham,  Mr.  Henry, 
on  fossil  Tegetables, 
687. 

Wood  m  flint,  308. 

Wood,  Mr.  Searles,  on 
Crag  mollosca,  225 ; 
on  the  ironstone  of 
the  North  Downs, 
971 ;  fossils  collect- 


ed by,  at  Hordwelly 
242,  256. 

Wood-tin,  910. 

Woodward,  Mr.  S.  P.» 
on  the  Hippurilidae, 
342 ;  on  the  Gottes- 
wold  Hills,  504;  on 
the  cephidopoda, 
342;  on  moUusca, 
212,  764. 

Woolwich,  in  Kent, 
brown-coal  in  the 
Tertiary  at,  245. 

Worm-tracks,  808. 

Wrekin,  the  rocks  of, 
813. 

Wright,  Dr.  T.,  on  Ju- 
rassic echinoderms; 
528 ;  on  the  inferior 
oolite  sands,  520. 


X. 

Xanthidia,  recent  and 

fossil,  312. 
Xanthidiam,311. 
Xlplfodon  gracile,  259. 


Yellow    sandstone   of 
.  Ireland,ftc.,673,785, 
791. 


Toredale  rocks,  674. 

Young,  Dr.  P.,  and 
Mr.  F.  Simmonds, 
discovery  of  a  boul- 
der in  the  Chalk  by, 
973. 

Z. 

Zamiostrobus  crassus, 
407;  from  near  Wil- 
lingdon in  Sussex, 
328. 

Zamites  crassus,  413; 
Sussexiensis,  328. 

Zechstein,  563. 

Zeuglodon  in  eocene 
deposits  of  America, 
286. 

Zinc,  908. 

Zoantharia,  602. 

Zoology  of  the  Chalk, 
329,  481;  of  the 
Wealden,  483. 

Zoophyta  and  radiaria 
of  the  Oolite,  527. 

Zoophytes,  599;   ani- 
mal nature  of,  603 ; 
and  echinoderms  of 
the  Carboniferous 
system,  761 ;  Dero- 
nian,  791 ;   of  the 
Jurassic  formation, 
648 ;  of  the  tertiary, 
246  {  Silurian,  822. 
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